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ONSOz

Dogadaki devinim degisimleri olustururken bu degisimler sonucunda yeni bir
dengeye ulagim siireci ortaya cikar ve bu siireg siirekli bir dongii halindedir. Boylesi
bir dongiisel siirecin parcasi olan dérdiincii endiistri devrimi, insanlik tarihindeki
onemli doniim noktalarindan biri olarak tiim disiplinlerde oldugu gibi mimarlik
alaninda da cevresel, ekonomik ve sosyal degisimleri beraberinde getirmistir ve
denge arayis1 siirecinde siirdiiriilebilirlik kavraminin yeniden ele alinmasinin
onilinii agmustir. Sehirlesmeyle iiretim ve tiiketim merkezleri degisirken iklim
tarafsizhigina ulagmak icin diisiik karbonlu sehirlerin tasarlanmasi, dongiisellik
ve sera gazi emisyonlarinin azaltilmasi arasindaki etkilesimin hizlandirilmasi
gerekmektedir. Diinyadaki karbon emisyonlarinin biiyiik bir boliimii endiistri,
ulagim ve binalardan kaynaklanmakta, hesaplamali tasarim sistemleri gelisen
teknolojiler araciligiyla uzaktan is birligi olusturulmasina yeni olanaklar sunmakta
ve karbon emisyonlarini azaltma konusunda siirdiiriilebilirlik acisindan ek
avantajlar saglamaktadir. Gelecegin ekolojik problemlerinin ele alinmasi sirasinda
yeni i birlikleri olusturmak igin farkl tasarim disiplinlerine 6nemli sorumluluklar
diismektedir. Bubaglamda, Birlesmis Milletler ve ortaklar, Siirdiiriilebilir Kalkinma
Amaclar’'na ulasilmas1 amaciyla insanlarin karsi karsiya kaldigi ana sorunlarin
¢oziimii i¢in calismaktadir. Yapil cevrede dongiisel ekonomi ve iklim degisikligine
uyum ile iligkili bir eylem planinin uygulanmasi, karar vericilerin siirdiiriilebilir
kalkinmay: ve cevreci politikalar1 desteklemesi ve gelistirilmesine katki sunmasi,
tasarimda akilli ve siirdiiriilebilir malzemelerin kullanimi, sifir enerjili yap:
ve sehirlerin tasarlanmasi ve bu konular1 destekleyen tasarim modellerinin
gelistirilmesi son derece 6nemlidir. istanbul Medipol Universitesi, Giizel Sanatlar
Tasarim ve Mimarlik Fakiiltesi, Mimarlik Boliimii ev sahipliginde diizenlenen ve
Devinim.Degisim.Dongii temasi ile yola ¢ikan XVII. Mimarlikta Sayisal Tasarim
Ulusal Sempozyumu (MSTAS 2023), toplumlarin karsilagtigi glinlimiiziin sosyal
ve cevresel siirdiiriilebilirlik ile ilgili sorunlarinin ve potansiyellerinin hesaplamali
tasarim yontemleri ile degerlendirilmesine odaklanmistir.

Sempozyum Diizenleme Kurulu ve sempozyum kitabinin editorleri olarak, bilim
kurulununiiyelerinehakemlik siirecindeki6zenliincelemeleri,danismakurulumuza,
oturum bagkanlarimiza ve davetli konusmacilarimiza da degerli katkilari igin
tesekkiir ederiz. Istanbul Medipol Universitesi olarak XVII. Mimarlikta Sayisal
Tasarim Ulusal Sempozyumu’na ev sahipligi yapmak biiyiik bir ayricalikti. MSTAS
2023’te sunulan bildirilere ait tam metinlere yer verdigimiz bu kitabin hesaplamali
tasarim alanindaki literatiire katk: saglayarak yeni aragtirmalarin 6niinii agmasin
ve bu arastirma alaninda ¢alisan aragtirmacilarin kitab1 begenmesini diliyoruz.

MSTAS 2023 Diizenleme Kurulu
Haziran 2023
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Kompleks Cephe Tasarimlarinda

Makine Ogrenme Egrileri:

Tahminleme Modelleri Dogru
Optimizasyonu Beraberinde Getiriyor mu?

BERK EKICi
Izmir Yiiksek Teknoloji Enstitisii
berkekici@iyte.edu.tr

OZET

Birlesmis Milletler Siirdiiriilebilirlik Kalkinma Hedefleri kapsaminda
siirdiiriilebilir bina performansina daha etkin bir gekilde ulasilmasi
hedeflenerek, arastirmacilar ve profesyoneller yapay zekd yontemlerini
giderek artan bir sekilde tasarim siireclerine dahil etmektedir. Makine
O0grenmesi ile optimizasyon, bu baglamda 6ne ¢ikan uygulamalar arasinda
yer almaktadir. Amacg, tahmin modelleri gelistirerek simiilasyon gerektiren
performans hedeflerini optimize ederken, gerekli olan hesaplama
zamanin indirgenmesidir. Gelistirilen tahmin modellerinin dogrulugunu
degerlendiren yontemlerin genel yaklasimi, toplanan sinirh veri tizerinden
bir ¢ikarim yapmaya yoneliktir. Halbuki, optimizasyon algoritmalar1 en iyi
tasarim alternatifine ulagabilmek i¢in, arama alanlarindaki farkl bolgelere
sicrayabilme oOzelligini tasimaktadir. Bu sebeple, sadece toplanan Ornekler
iizerinden tahmin modellerinin dogrulugunu test etmek, makine 6grenmesi
ile optimizasyon siirecinde tahmin edilen sonucun gercek arama alaninda
cok daha farkli bir sonuca karsilik gelmesi durumunu dogurabilmektedir.
Bu caligmanin amaci farkli makine Ogrenme algoritmalarini kullanarak
gelistirilen tahmin modellerinin optimizasyon siireclerinde ne kadar dogru
sonuclar iiretebildigini arastirmaktir. Bu kapsamda makine O0grenmesi
kullanarak optimizasyon sonuclarinin dogrulugunun test edildigi yeni bir
yontem sunulmustur. 27 tasarim parametresine sahip 3 kath bir binada yer
alan kompleks bir parametrik cephe modeli, aydinlatma ve solar radyasyon
simiilasyon modellerine entegre edilerek gelistirilmistir. Literatiirde yaygin bir
sekilde kullanilan yapay sinir aglar1 (ANN), ¢oklu dogrusal regresyon (MLR),
destek vektor makineleri (SVM), rastgele orman (RF) ve karar agaci (DT)
algoritmalar 250 ile 2000 6rnege sahip toplanan her bir veri seti iizerinde
aydinlatma ve solar radyasyon performans hedeflerine uygulanmistir. Tahmin
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sonuglarinin optimizasyon sonuclar ile kiyaslanmasi adina yiiksek zaman
gerektiren fonksiyon degerlendirmeleri {izerine gelistirilen radyal tabanh
islev yontemi ile optimizasyon (RBFOpt) algoritmasi tek hedefli ve iki kisit
fonksiyonu olan bir optimizasyon probleminde kullanilmigtir. Caligma sonunda
elde edilen sonuclar, sadece toplanan érneklere dayanan tahmin modellerinin
optimizasyon siirecinde hatali sonuclara neden olabilecegini gostermektedir.
Makine 6grenmesi algoritmalari toplanan veriler hakkinda dogru tahminlerde
bulunabilirken, bu tahminler optimizasyon siireci boyunca toplanan verilerin
disina ¢iktign zaman yanhs tahmin sonucglarim dogurabilmektedir. Bu
kapsamda 6nerilmis olan yontem karar vericiler i¢in hangi makine 6grenmesi
algoritmasimin daha dogru optimizasyon sonuclar1 verebilecegi hakkinda
yardimci olmaktadir.

Anahtar Kelimeler: Parametrik cephe tasarimi, Makine Ogrenmesi,
Optimizasyon, Ogrenme egrileri, Performansa dayali tasarim, Siirdiiriilebilir
binalar
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Machine Learning Curves in
Complex Facade Designs:

Do predictive models bring
along the correct optimization?

BERK EKICI
Izmir Institute of Technology
berkekici@iyte.edu.tr

ABSTRACT

Within the scope of the United Nations Sustainability Development Goals,
researchers and professionals are increasingly incorporating artificial
intelligence methods into design processes to achieve sustainable building
performance more effectively. Optimization with machine learning is one of
the prominent applications in this context. The aim is to optimize performance
targets that require simulation with predictive models while reducing the
computational time required. The general approach of the methods that
evaluate the accuracy of the developed prediction models is to make an
inference based on the collection of limited data. However, optimization
algorithms can jump to different regions in the search space in order to reach
the best design alternative. For this reason, testing the accuracy of prediction
models, only considering the collected samples, may lead to a situation where
the predicted result in the optimization process may correspond to a different
solution in the actual search space. This study aims to investigate the accuracy
of the prediction models developed by different machine learning algorithms
that can estimate accurate results in optimization processes. In this context,
a new method is presented to test the accuracy of optimization results using
machine learning. A complex parametric facade model of a 3-story building
with 27 design parameters is developed by integrating lighting and solar
radiation simulation engines. Artificial neural networks (ANN), multiple
linear regression (MLR), support vector machines (SVM), random forest (RF)
and decision tree (DT) algorithms, which are widely used in the literature, are
applied to lighting and solar radiation performance targets on each collected
data set with 250 to 2000 samples. In order to compare the prediction results
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with the optimization results, the radial basis function optimization (RBFOpt)
algorithm, which was developed for computationally expensive function
evaluations, was used in an optimization problem having single objective and
two constraint functions. The results obtained at the end of the study show
that the prediction models, which only based on the collected samples, may
cause incorrect results in the optimization process. While machine learning
algorithms can make accurate estimations using the collected data, predictions
can lead to incorrect results as they go beyond the sample set during the
optimization process. In this context, the proposed method helps decision-
makers to determine which machine learning algorithm can provide more
accurate optimization results.

Keywords: Parametric facade design, Machine learning, Optimization,
Learning curves, Performance-based design, Sustainable buildings

XVII. Mimarlikta Sayisal Tasanm Ulusal Sempozyumu 17-20 Haziran 2023, istanbul



DEVINIM.DEGISIM.DONGU 5

1. GiRIS VE PROBLEMIN TANIMI

Birlesmis Milletler Siirdiiriilebilirlik Kalkinma Hedefleri (SDG) (UN, 2022)
kapsaminda binalarin siirdiiriilebilir performans kriterlerinin daha etkin bir
sekilde saglanmasi hedeflenerek, arastirmacilar ve profesyoneller yapay zeka
yontemlerini giderek artan bir sekilde tasarim siireglerine dahil etmektedir
(Roman et al., 2020). Makine 6grenmesi ile optimizasyon, bu baglamda 6ne
c¢ikan uygulamalar arasinda yer almaktadir (Westermann & Evins, 2019).
Amag, tahminleme modelleri gelistirerek simiilasyon gerektiren performans
hedeflerini optimize ederken, gerekli olan hesaplama zamaninin kabul
edilebilir siirelere indirgenmesidir. Boylelikle, tasarim problemi igin c¢oklu
performans hedefleri gbz 6niinde bulundurularak tasarim kararlar1 alinabilir,
biiyiik 6l¢ekteki tasarimlarda kapsamli tasarim alternatifleriirdelenir ve yiiksek
sayida tasarim parametresini biinyesinde barindiran tasarim problemlerinde
optimale en yakin sonugclara erigim saglanir.

Kompleks tasarim problemlerinde, tasarim parametrelerinin sayisi ve aldigi
degerler goz oniinde bulunduruldugu zaman, oldukeca yiiksek alternatifleri
igerisinde barindiran arama alanlar1 optimizasyon siirecleri icerisinde meydana
gelmektedir (6rnegin 10 deger alabilen 10 tasarim parametresinin oldugu
bir problemde 1010 tasarim alternatifine sahip bir arama alaninin meydana
gelmesi). Olusturulan tasarim modellerinden veri toplanarak gelistirilen
tahminleme modelleri genellikle sinirh sayida tasarim 6rnegini barindirir
(6rnegin 1010 tasarim alternatifinin bulundugu bir arama alanindan 500
tasarim Orneginin toplanmasi). Kullanilan 6rnekleme yontemleri tarafindan
arama alanlarimin farkli bolgelerinden toplanan tasarim alternatifleri,
girdi-¢ikt1 iligkisinin makine tarafindan Ogrenilebilmesini saglamaktadir.
Geligtirilen tahminleme modellerinin dogrulugunu degerlendiren yontemlerin
genel yaklasimi, toplanan sinirli veri tizerinden bir ¢itkarim yapmaya yoneliktir.
Halbuki, optimizasyon algoritmalar1 sahip olduklar1 farkl yontemler geregi,
en iyl tasarim alternatifine ulagabilmek icin, arama alanlarindaki farkh
bolgelere sicrayabilme oOzelligini tasimaktadir. Bu sebeple, sadece toplanan
ornekler {iizerinden tahminleme modellerinin dogrulugunu test etmek,
makine 6grenmesi ile optimizasyon siirecinde tahmin edilen sonucun gercek
arama alaninda c¢ok daha farkli bir sonuca karsilik gelmesi durumunu
dogurabilmektedir. Boylelikle, ulasilan performans degerleri yanlhs olabilecegi
gibi, tasarim kararlar1 alinirken yanlis parametreler iizerinde degerlendirmeler
yapilmasina da sebep olabilir.

Bu calismanin amaci farkli makine 6grenme algoritmalarim kullanarak
gelistirilen tahminleme modellerinin optimizasyon siireclerinde ne kadar

17-20 Haziran 2023, istanbul XVII. Mimarlikta Sayisal Tasanm Ulusal Sempozyumu



6 MSTAS 2023

dogru sonuglar iiretebildigini arastirmaktir. Literatiirde yer alan makine
O0grenmesi ile optimizasyon yontemleri genel olarak (i) form tiretimi, (ii)
performans degerlendirmesi, (iii) veri tiretimi, (iv) makine 6grenimi, (v) test
kriterleri ve (vi) optimizasyon seklinde kurgulanmaktadir (Roman et al.,
2020). Bu aragtirma kapsaminda makine 6grenmesi siirecinde optimizasyon
sonuclarinin dogrulugunun test edildigi yeni bir yontem oOnerilmektedir.
Siniis fonksiyonu ile {iiretilen 27 tasarim parametresine sahip kompleks
bir parametrik cephe modeli, 10m/30m/10.5m Ol¢iilerine sahip 3 kath bir
binada aydinlatma ve solar radyasyon simiilasyon modelleri entegre edilerek
gelistirilmigtir. 5 farkli makine 6grenme algoritmasina ait 6grenme egrilerinin
irdelendigi bu arastirmada, simiilasyona dayali optimizasyon problemlerinde
kullanilan bir optimizasyon algoritmasinin sonuglari, gelistirilen tahminleme
modelleri ile kargilastirilmis ve onerilen yeni yontemin katkilar1 bu calisma
kapsaminda tartigilmistir.

2. YONTEM

Makine 6grenmesi ile optimizasyon kapsaminda 6nerilen yontem, parametrik
cephe modeli, aydinlatma ve solar radyasyon performans analizleri,
cesiti makine Ogrenmesi ve optimizasyon algoritmalarimi biinyesinde
barindirmaktadir. Yontem ve arastirma siirecinde uygulanan adimlar asagida
aciklanmistir.

2.1. Onerilen Makine Ogrenmesi ile Optimizasyon Yontemi

Form {iretimi ve performans degerlendirmesini kavramsal tasarim siirecinde
bir otomasyona doniistiiren optimizasyon algoritmalarimin mimarliktaki
temel amaci, nicel ve nitel performans hedeflerindeki avantajlar1 maksimize
etmek, dezavantajlar1 minimize etmektir (Sariyildiz, 2012). Siirdiiriilebilirlik
kapsaminda ele alinan performans hedefleri, 6rnegin aydinlatma, enerji
tilketimi, solar radyasyon, gorsel ve termal konfor vb., optimizasyon
siireclerinde hesaplanirken simiilasyon motorlarinin beraberinde getirdigi
yiiksek hesaplama siireleri nedeniyle oldukea yiiksek optimizasyon siireleri
ortaya cikmaktadir. Hem tasarimlarin kavramsal asamadan itibaren
siirdiiriilebilirlik ile ilgili performanslarini optimize etmek hem de bu siire¢ igin
oldukea fazla hesaplama zamanina ihtiya¢ duyulmasi bir ikilem yaratmaktadir.
Bu ikileme bir ¢oziim olarak arastirmacilar ve profesyoneller igerisinde
makine 6grenim siireclerini de kapsayan, RBFOpt (Costa & Nannicini, 2018)
gibi optimizasyon algoritmalarina yer vermektedir. Bu algoritmalar, genetik
algoritma gibi meta sezgisel yontemlerden daha az fonksiyon degerlendirmesi
yaparak iyi bir tasarim sonucu bulmak iizere gelistirilmistir. Ancak, biiyiik
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oOlgekli tasarim problemlerinde RBFOpt gibi algoritmalar, makine 6grenmesi
siireclerini barindirmalarina ragmen, optimale yakin sonuglar1 kesfedebilmek
icin oldukca yiiksek siirelere ihtiya¢c duymaktadir (Ekici et al., 2022). Bu
sebeple, bahsi gecen ikilime ikinci bir ¢6ziim olarak, bu aragtirmanin da
odaginda olan, makine Ogrenmesi algoritmalar1 tarafindan olusturulan
tahminleme modellerinin hedef fonksiyonlar olarak kullanildig1 optimizasyon
siirecleri karsimiza ¢ikmaktadir.

Makine 6grenmesi ile optimizasyonun bir tiirii olan bu yaklagim, genel olarak
(i) form tiretimi, (ii) performans degerlendirmesi, (iii) veri tiretimi, (iv) makine
Ogrenmesi, (v) test kriterleri ve (vi) optimizasyon seklinde uygulanmaktadir.
Ancak bu yaklasim, simirh sayida toplanan 6rnekler iizerinden tahminleme
modellerinin dogrulugunu test etmek tizerine kurgulandigi i¢in, optimizasyon
siirecinde edinilen sonucun gercekten ¢ok daha bagka bir sonuca karsilik
gelmesi durumunu meydana getirebilmektedir. Bu sebeple, literatiirdeki
uygulamanin farkh bir versiyonu bu ¢alisma kapsaminda 6nerilmektedir (Sekil
1). Onceki calismalar ile karsilastirildigi zaman iki yaklasim arasindaki temel
fark, tahminleme modellerinin toplanan 6rnekler ve yapilan kisa siireli bir
optimizasyon sonucu iizerinden degerlendiriliyor olmasidir. Bu sayede, sadece
tahminleme modellerinin kendi veri setleri icerisinden alinan dogrulama
ornekleri degil, optimizasyon siirecindeki arama alaninda bulunan oldukga
bagka bir bolgeye ait bir tasarim 6rnegi de kullanilarak, hedefleme modellerinin
dogrulugu hakkinda daha objektif bir degerlendirme amaglanmigtir.

2.2. Parametrik Cephe Modeli

Onerilen yéntemde kullanilmak iizere cephe uzunlugu ve yiiksekligi
30m/10.5m, mekan derinligi 10m olan Izmir'deki 3 kath bir binanin belli
bir kesimi iizerinde ¢alhisilmigtir. Katlardaki her bir uzun kenar kullanilmak
iizere, organik bir cephe tasarimi olusturmak i¢in Denklem 1’de verilen siniis
fonksiyonu 4 kenar i¢in ayr1 olarak uygulanmistir.

axsin(bxx-c¢)+d (1)

a parametresi olusturulan organik cephedeki sapmayi, b parametresi siniis
periyodunu, ¢ parametresi siniis periyodunun yatay eksendeki Gtelenmesini
ve d parametresi siniis periyodundaki dagilim dengesini kontrol ederken,
x parametresi pencere acikligi sayis1 kadar lineer olarak dizilmis [0,3]
arasindaki sayilar1 ifade etmektedir. Elde edilen organik formun siniis etkisini
arttirmak veya azaltmak icin biitlin denklem ile ¢arpilan ayrica F parametresi
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tamimlanmigtir. Olusturulan yeni egriler kullanilarak diisey golgeleme

elemanlar1 iretilmisgtir. Biitlin binadaki diisey golgeleme elemanlarinin

rotasyonunu saglayan bir derece (r) parametresine ek olarak, her bir katta

bulunan pencere agikliklarini x ve y yonlerinde Glgekleyen 6 adet parametre

gbz Oniinde bulundurulmustur. Toplamda 27 parametrenin bulundugu
modele ait detaylar Tablo 1’de verilmis olup, Grasshopper 3D (McNeel, 2014)
ile gelistirilen parametrik modele ait farkh siireclerden alinan gorseller Sekil

2’deki gibidir.

Tasarim problemi

i
Form Uretimi

i Performans

degerlendirmesi

i
v o e
v

Test kriterleri

Tahminleme

modeli
vi s
==
Tasarim karari

1a. Mevcut makine 6grenimi ile optimizasyon

Sekil 1: Onerilen yontem

Tasarim problemi
|

q Cahsmanin kapsami

i Performans
degerlendirmesi

= Optimizasyon

[v Veri Uretimi ] [NOptimizasyon verisi ]

vi
Y Test kriterleri

modeli
4 Optimizasyon

Tasarim karari

1b. Onerilen makine 6grenimi ile optimizasyon

Tablo 1: Cephe tasarim modelinin parametreleri

Egri Kat #
Parametre | Agiklama Birim | Aralik Adet
1 2 3 4|1 2 3
a Sapma VvV = [-1.000, 1.000] |4
b Periyod vy b [0.000, 6.000] |4
c Yatay 6teleme v v Y - [0.000, 5.000] |4
d Dagilim dengesi v v Y - [1.000, 2.000] |4
F Etki N AN m [0.005,1.000] |4
x X yonii agiklik dlgegi v v V|- [0.05, 0.95] 3
y Y yoni aciklik dlgegi v v V|- [0.05, 0.95] 3
T Diisey eleman donis derecesi ° [-60.00, 60.00] |1
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Sekil 2: Parametrik cephe tasarim érnekleri

2.3. Performans Kriterleri ve Veri Uretimi

Gelistirilen parametrik modeldeki diisey golgeleme elemanlarina fotovoltaik
paneller yerlestirerek biitiin bir yil boyunca giines enerjisinden fayda
saglanmasi amaclanmigtir. Bu hedef icin binadaki biitiin diisey elemanlara
solar radyasyon simiilasyonu entegre edilmis olup biitiin bir yil elde edilen
yenilenebilir enerji gilici (E_y) hesaplanmigtir. Optimizasyon siirecinde
bu hedef (Fx) maksimize edilmek istendigi icin yiiksek yogunlukta diisey
elemanlarin olugsmasi1 muhtemeldir. Giinisig1 yetersizligi sebebi ile fazladan
yapay aydinlatma kullanilarak enerji sarfiyatinin 6niine ge¢mek icin her bir
katta devaml gilinigig1 otonomisi (cDA) metrigi kullanilarak ii¢ adet giimsigi
simiilasyon motoru modele entegre edilmistir (Sekil 3). Her bir kattaki
ortalama glimsig1 seviyesi (cDA_(1,...,3)) ve dagilimi (dist_(1,...,3)) olmak
iizere toplam 6 kisit fonksiyonu (Vx) belirlenmistir. Latin hiper kiip 6rnekleme
(LHS) yontemi kullanilarak 250 ile 2000 arasinda olusturulan 8 farkli veri seti
uzunluklar i¢in, gelistirilen parametrik model ve Ladybug araclar1 (Roudsari
et al., 2013) kullamilarak yapilan simiilasyonlar {izerinden, tasarim 6rnekleri ve
performans sonugclar: toplanmistir (Sekil 4).

2.4. Makine Ogrenmesi

Bu calisma kapsaminda literatiirde yaygin bir sekilde kullanilan yapay sinir
aglar1 (ANN), coklu dogrusal regresyon (MLR), destek vektor makineleri (SVM),
rastgele orman (RF) ve karar agac1 (DT) algoritmalari toplanan her bir veri seti
iizerinde uygulanmistir. Makine 6grenme algoritmasi test edilirken kullanilan
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veri setleri 0.2 oraninda 6grenme ve test setleri olarak ikiyi ayrilmistir. Yapay
sinir ag1 modeli 1-n-n-1 mimarisine sahip olmakla her bir katmanda 50 néron
(n) kullamilmistir. Stokastik gradyan inisi algoritmasi kullanilarak gelistirilen
modellerde 300 iterasyon ile her bir performans kriterinin 6grenme siirecleri
tamamlanmistir.

Sekil 3: Solar radyasyon ve glnisigi analizleri

Coklu dogrusal regresyon 6grenme ve test setleri iizerinde direk uygulanarak
sonuglar raporlanmistir. Destek vektor makinelerinde ise radyal tabanli bir
islev yontemi kullanilarak tahminleme modelleri gelistirilmistir. Rastgele
ormanda tahminleyicilerin sayis1 30 olarak belirlenirken karar agacinin
parametreleri varsayilan degerleri ile kullamilmistir. Elde edilen tahminleme
modelleri test setleri kullanilarak tahminleme dogrulugu Denklem 2’de
verilen R?, Denklem 3’teki ortalama kare hatasi (MSE) ve Denklem 4’deki
ortalama mutlak hata (MAE) yontemleri ile analiz edilmistir. Farkl istatistik
yontemlere yer verilmesi, olusturulan tahminleme modellerinin farkh
acillardan dogrulugunun kontrol edilmesini saglamaktadir. Bu kapsamda x;
toplanan performans verisini, X toplanan performans verisinin ortalamasini,
y, tahmin edilen performans verisini ve n toplanan performans verisinin
uzunlugunu ifade etmektedir. Bunun yam sira, her bir algoritmanin ihtiyac
duydugu 6grenme siireleri saniye (s) bazinda kaydedilmistir. Bu siirecte biitiin
adimlar Python programlama dilindeki Sckit-learn vi.2.1 (Pedregosa et al.,
2011), Keras v2.10.0 (Chollet, 2015), TensorFlow v2.10.1 (Abadi et al., 2016)
kiitiiphaneleri kullanilarak tamamlanmigtir.
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2 _ 4 Zilri-yi)?
R =1- %Gy 2
MSE = 3L, (x; - y:)* 3)
MAE = Zzlzexl (4)

2.5. Optimizasyon ve Onerilen Yontemin Dogrulanmasi

Gelistirilen modelin 1 tasarim alternatifi icin gereken hesaplama siiresi
yaklagik 1 dk. olarak ol¢lilmiistiir. Bu sebeple, yiiksek zaman gerektiren
fonksiyon degerlendirmeleri {izerine gelistirilen radyal tabanl iglev yontemi
ile optimizasyon (RBFOpt) algoritmasi Opossum eklentisi (Wortmann, 2017)
kullanilarak, Denklem 5teki optimizasyon problemi icin modele entegre
edilmigtir. Toplamda 6 farkhi kisit fonksiyonu tanimlanmasi sebebiyle,
standart bir penalti fonksiyonu yerine, Optimus (Cubukcuoglu et al., 2019)
eklentisinin icerisinde bulunan fizibilite esigine yakin (NFT) kisit isleme
yontemi optimizasyon siirecine dahil edilmistir.

maks. E,
kisit  cDA; 3= 75% (5)

dist; 3 = 50%
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Fx (MWh) Fx (MWh) Fx (MWh)

Fx (MWh)

1750 6rnek VX 2000 6rnek VX

Sekil 4: LHS &rnekleme ydntemi ile toplanan farkli biyukluklerdeki veri setlerinin Fx ve
Vx dagilimlari

Amag, Vx=0 iken ulagilabilecek en yiliksek E_y degerine ulagmaktir.
Optimizasyon sonrasinda elde edilen sonuglar, gelistirilen makine 6grenme
modelleri kullanilarak tahmin edilen Fx ve Vx degerleri ile karsilagtirilmigtir.
Boylelikle, onerilen yontemin dogrulugu, literatiirdeki pek cok o6rnek gibi
sadece toplanan veri setleri iizerinden degil, veri seti disarisinda olabilecek
optimizasyon sonucunda elde edilmis olan parametre seti {izerinden de test
edilmistir.

3. SONUCLAR

Bu boliimde toplanan farkh boyutlardaki 8 veri seti lizerinde uygulanmis olan
makine O0grenme sonuclar1 ile tamamlanmis olan optimizasyon sonuclari
kargilagtirllmis ve tahminleme modellerinin dogrulugu tartigilmistir.
Yapilan makine Ogrenmesi ve optimizasyon uygulamalarinda Intel iy -
12700H 2.50 GHz iglemcili, 32-GB DDR5 ram bellek, 1024-GB SSD sabit
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disk ve Nvidia GeForce RTX 3060 6GB ekran kart1 olan bir laptop bilgisayar
kullanilmigtir. ANN modellerinin 6grenme siireclerinde ekran karti, diger
makine 6grenme siireclerinde ise bilgisayarin islemcisi gerekli hesaplamalarin
tamamlanmasinda kullanilmigtir.

3.1. Makine Ogrenme Sonuclan

Makine Ogrenme algoritmalarinin tahminleme performanslarina dair ilk
karsilagtirma Sekil 5’te verilen hesaplama siireleri ve tahminleme modellerinin
R2 degerleri iizerinden yapilmistir. Ekran karti kullanmimina ragmen, veri
setlerinin uzunluklariyla orantili bir degisim gosteren ANN modelleri, 4.77 ile
37.17 saniye arasinda 6grenim siireglerini tamamlayabilmistir. Diger biitiin
makine 6grenme algoritmalari, islemci kullanimina ragmen, 1 saniyeden daha
kisa bir siirede ayni1 hesaplamalar: tamamlamiglardir.

78.125
15.625 .’/.__’.__—-———I—"—'—"—_—.
3.125
0.625
0.125
0.025

0.005 W

0.001

1250 1500 1750 2000

Ogrenme slresi (s)
N
u
o
w
o
=3
~
1%
(=]
=
D
(=3
Q

Vx R?
o
F=

250 500 750 1000 1250 1500 1750 2000

Fx R2
ocoo
A O 00
x

250 500 750 1000 1250 1500 1750 2000
Ornek sayisi
—8—ANN  —&—MLR SVM RF  =¢=DT

Sekil 5: Ogrenme silresi (saniye) ve R2 sonuglar

R2 degerleri karsilagtirlldigi zaman, ANN modellerinin veri setlerindeki 6rnek
artigina bagh olarak kisit (Vx) fonksiyonu i¢in 6grenme skorlariin 0.0006’dan
o.71lere, hedef (Fx) fonksiyonlar1 icin 0.002’den 0.847lere yiikseldigi
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gozlemlenmigtir. MLR modelleri Vx tahminlerinde 0.58 ile 0.72 arasinda
R2 sonuglar1 verirken, bu degerler Fx i¢in 0.35 ile 0.55 arasindadir. SVM
modelleri Vx tahminlerinde 0.002 ile 0.04 arasinda R2 sonuglari ile basarisiz
tahminleme modelleri iiretirken, Fx i¢in 0.25 ile 0.52 arasindadir. RF yontemi
veri setindeki artiglara ragmen olusturulan biitiin modellerde Vx i¢in 0.58 ile
0.73 arasinda ve Fx icin 0.77 ile 0.87 arasinda performans degerleri gostererek
diger yontemlerden daha tutarhi bir 6grenme egrisi sergilemistir. Son olarak
DT modellerinde veri seti uzunlugundaki artisa bagh olarak Vx modellerindeki
artigin 0.04’ten 0.44’e ylikseldigi ve Fx tahminleme modelleri i¢in 0.51 ile 0.69
arasinda tahminleme skorlarina ulastig1 gozlemlenmistir.

Sadece R2 sonuclar degerlendirilerek dogru tahmin yapabilen modellere
erisim saglanamayacag1 icin MSE (Sekil 6) ve MAE (Sekil 7) sonuclar1 da
caligma boyunca raporlanmigtir. Olusturulan biitiin Vx modellerine bakildig:
zaman, SVM, RF, ve DT makine 6grenme yontemlerinin 103.74 ile 2516.94
arasinda ¢ok yliksek MSE sonuclarina ulastiklari gézlemlenmistir. Fx modelleri
agisindan 4.35 ile 39.08 arasinda yine yiiksek hatanin olustugunu gosteren
MSE degerlerine erigilmistir. Yalmzca ANN ve MLR modellerinin MSE
sonuclar1 0.005 ile 0.03 arasinda olmasi sebebiyle basarili modeller olarak
kategorize edilmistir. Benzer bir durum MAE sonuclarinda da gézlemlenmistir.
Olusturulan biitiin Vx modellerine bakildig1 zaman, SVM, RF, ve DT makine
ogrenme yontemlerinin 18.45 ile 41.23 arasinda cok yiiksek MAE skorlarini
raporladiklar1 gozlemlenmistir. Fx modelleri ise 1.64 ile 5.60 arasinda yine
yiiksek sayilabilecek MAE sonugclarin1 vermektedir. MSE sonuglarinda oldugu
gibi, yalmzca ANN ve MLR modellerinin MAE skorlar1 0.05 ile 0.15 arasinda
olmasi sebebiyle bagarili modeller olarak nitelendirilmistir. Sonug olarak, R2,
MSE ve MAE sonuclarindan basarili tahminleme yapabilen modellerin ANN ve
MLR olarak saptanmasi sebebiyle, bir sonraki asamada sadece bu yontemlerin
sonuglarina yer verilmistir.
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Sekil 7: Ortalama mutlak hata sonuglari

3.2. Tahminleme Modellerinin Dogrulugu

Yapilan calismalar sonucunda daha detaylh tahminleme analizlerinin
yapilmasina karar verilen ANN ve MLR makine 6grenme yontemlerine ait
ogrenme egrileri, olusturulan her bir veri seti icin RbfOpt optimizasyon
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algoritmasinin elde ettigi Vx ve Fx degerleri ile karsilagtirmali olarak Sekil
8’de verilmistir. Optimizasyon siirecinde, 32. iterasyonda biitlin kisitlar
(Vx=0) saglamay1 basarabilen RbfOpt algoritmasi, 12.84 MWh enerji
iiretimini saglayabilen bir cephe tasarim alternatifine erismistir. 2000’inci
iterasyona kadar bu iiretim miktar1 30.43 MWh’e kadar yiikselmis olsa da son
500 iterasyon boyunca hedef fonksiyon sonucunda cok biiyiik degisiklikler
gozlemlenmemistir. Optimize edilmis cephe tasarimi alternatifinden elde
edilen tasarim parametrelerine ait degerler bir onceki adimda olusturulan
makine 6grenimi modellerinde kullanildigi zaman Sekil 8’deki tahminleme
sonuglarina ulagilmigtir.
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Sekil 8: Tahminleme modellerinin dogrulugu

ANN modelleri diisiik veri setlerinde, optimize edilmis gercek Fx degerlerinden
oldukca uzak tahminleme performansi sergilemistir. Ancak, veri setlerindeki
ornek miktarinin artmasi ile birlikte 1000 adet ve iizeri 6rnege sahip veri
setlerinden itibaren gercek optimizasyon sonuglarina dogru giderek artan bir
ogrenme egilimi gozlenmistir. 1500 ile 2000 arasinda o6rnege sahip veri setleri
kullanilarak olusturulan tahminleme modelleri 30.30 MWh ile 33.81 MWh
arasinda tahminlemeler yaparak optimizasyon sonucunda elde edilen 30.43
MWh’lik gercek degere en yakin sonuglari vermistir. ANN modellerinin Vx
tahmin sonugclarina bakildig1 zaman kisit fonksiyonlarina ait tahminlemelerin
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0.03 ile 2.35 arasinda oldugu, RbfOpt algoritmasinin 0.0 kisit sonucuna kabul
edilebilir uzakliklarda tahminler yaptig1 gézlemlenmistir.

MLR modelleriisediisiik ve yiiksek 6rnege sahip veri setlerinde Fx tahminlerinin
11.76 MWh ile 14.47 MWh arasinda oldugu, optimizasyon sonucunda elde
edilen 30.43 MWh’lik gercek degere oldukea uzak oldugu gozlemlenmistir. Vx
tahmin sonugclarina bakildig1 zaman kisit fonksiyonlarina ait tahminlemelerin
-3.15ile -0.12 arasinda oldugu, RbfOpt algoritmasinin 0.0 kisit sonucuna kabul
edilebilir uzakliklarda tahminler yaptig1 gozlemlenmistir. ANN modellerinin
aksine, veri setindeki artis MLR modellerinin Vx tahminlemelerinde o ile -1
arasinda bir iyilesmeye dogru gitmesine sebep oldugu gozlemlenmistir. Ancak,
MLR modellerinin Fx tahminlemelerinde gercek sonuglardan oldukga uzak
tahminler yapmasi sebebiyle calisma kapsaminda ANN modellerinin daha
gercekci optimizasyon sonuglarini tahmin ettigi sonucunu ortaya ¢ikmugtir.
SVM, RF ve DT sonuclarimi da igeren biitiin tahminleme ve optimizasyon
sonuglarina ait kutu grafikleri Sekil 9’da verilmistir.

3.3. Calismanin Limitleri ve Uygulanabilirligi

Bu calisma kapsaminda olusturulan veri setlerindeki 6érnek ve optimizasyon
siirecindeki iterasyon sayilari en fazla 2000 olacak sekilde simirlandirilmigtir.
Bu kararin baglica sebeplerinden biri 2000 iterasyon boyunca ¢alisgan RbfOpt
algoritmasinin siireci tamamlamak i¢in ihtiyac duydugu siire 33.3 saat
olarak gozlemlenmistir. Veri setlerindeki 6rnek sayis1 ANN gibi baz1 makine
Ogrenmesi algoritmalarinda performans tahminleme skorlarinin artigina
sebep olabilmektedir. Bunun yani sira, performans tahminleme modelleri ile
daha gelismis hibrit sezgisel optimizasyon algoritmalar1 kullanilarak 10000
ve iizeri iterasyonlardaki tasarim sonuclarina kabul edilebilir hesaplama
siireleri icerisinde ulagilabilinir. Bu sayede optimizasyona bagh tasarim
aragtirmalarinin derinligi arttirilabilir.
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Sekil 9: Galisma boyunca elde edilen tahminleme ve optimizasyon sonuglarina ait kutu
grafikleri

Kullanilan makine Ogrenmesi algoritmalarinda bulunan parametrelerin
ayarlamalar1 yine bu ¢alismanin limitleri arasindadir. Mimari uygulamalara
odaklanan bazi makine 6grenmesi calismalar gosteriyor ki, 6grenim
siireglerini kontrol eden farklh parametre ayarlar: analiz edilerek tahminleme
modellerindeki dogruluk arttirilabilmektedir (Chatzikonstantinou &
Sariyildiz, 2016). Ancak, bu ¢alismanin sonuclar1 dogrultusunda parametre
ayar1 yapildiktan sonra, optimizasyon sonuglarina ait tahminleme skorlarinin
tekrar karsilagtirilip nihai model se¢imi yapilmasi1 6nem arz etmektedir. Bunun
yani sira, k kath ¢apraz gecerlilik gibi daha detayl istatistik analizlere 6grenim
siireglerinde yer vermek, olusturulan veri setlerinin farkli bolgelerinden
ornekler alinarak gelistirilen tahminleme modellerindeki dogrulugun
artmasini saglayabilir.

Onerilen makine &grenimi ile optimizasyon yonteminde 27 tasarim
parametresine sahip 3 kath bir yapimin cephe tasarimina odaklamilmustir.
Tasarim probleminin sahip oldugu toplamdaki tasarim alternatif sayisi, yani
optimizasyon arama alaninda mevcut olan alternatif sayisi, 5.06e+80 olarak
hesaplanmigtir. Farkli parametre boyutlarina sahip tasarim problemlerinde
arama alanlar1 biiyiiyiip kiiciileceginden, tahmin edilen ve optimize edilen
tasarim sonuglar1 degiskenlik gosterebilir. Bu sebeple, farkli parametre
sayllariinoldugubenzertasarim problemleriiizerindenbu¢alismakapsaminda
onerilen makine 6grenimi ile optimizasyon yonteminin uygulanmasi, elde
edilen sonuglarin genellenebilirligi agisindan faydali olabilir. Ayrica, tek
hedef yerine cok hedefli optimizasyon problemlerinde yapilacak tahminlerin
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biitiin hedef fonksiyonlarin1 kapsayacak sekilde ¢alismanin kurgulanmasi
gerekmektedir. Diger bir deyisle, farkli iterasyonlardan alinacak olan Pareto
optimal kiimelerin dogru tahmin edilmesi iizerinden bir degerlendirme
yapilmalhidir.

Calisma kapsaminda dijital olarak tiretilen bir cephe modeli ve cesitli
simiilasyon motorlarina yer verilmistir. Gercek hayattaki bir tasarim problemi
icin bu ¢aligmada oOnerilen yontemin uygulanmasi durumunda, simiilasyon
modellerinin ampirik veriler ile kargilagtirilmas1 ve dijital modellerin
kalibrasyonlarimin yapilmasi1 gerekmektedir. Kalibre edilen simiilasyon
modelleri lizerinden yine 6nerilen yontem dahilinde dijital veriler toplanabilir
ve tasarim problemi optimize edilerek binalarda performans iyilestirmeleri
saglanabilir. Ulagilan nihai tasarimin gercek hayatta uygulanmasi, performans
iyilestirmelerinin yer aldig1 yeni ampirik veriler ile optimizasyon sonuglarinin
kiyaslanmasina ve boylece oOnerilen yontemin gercek hayatta sagladigi
faydalarin dogrulanmasi adina 6nemli bir rol oynayabilir.

3.4. Varilan Sonuc

Yapilan calismalar sonucunda elde edilen veriler, sadece toplanmis olan
ornekler {izerinden optimizasyon siireclerinde kullanilmak iizere gelistirilen
tahminleme modellerinin dogrulugu hakkinda bir ¢ikarim yapmanin yanlsg
model tercihlerine gotiirebilecegini gostermektedir. Makine G6grenmesi
algoritmalar1 toplanan veriler hakkinda dogru tahminlerde bulunabilirken,
bu tahminler optimizasyon siireci boyunca toplanan verilerin disina ¢iktig
zaman yanlig tahminleme sonuglarin1 dogurabilmektedir. Bu sebeple, hizl bir
On optimizasyon yontemi ile toplanan veri disinda bir optimizasyon verisinin
tahminleme modelleri iizerinde kullanilmasi, daha dogru model se¢imini
beraberinde getirebilmektedir. Bunun yani sira birden fazla istatistik yontem
ile modellerin degerlendirilmesi yine biiyilk énem arz etmektedir. Farkh
makine Ogrenmesi algoritmalarinin farkli bina performansi kriterlerinde
gostermis olduklar1 davranig sonrasi, ileriki ¢aligmalarda bir binadaki ¢oklu
performans tahminlerinde hibrit makine 6grenimi siireglerine yer verilebilir.
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Ozet

Kentlerin ekonomik kalkinma hedefleri ile doga koruma ilkelerinin
uzlagtirilmasi adina yesil sistem teorisinde bir giincelleme yapmak amaciyla
ortaya ¢ikan yesil altyapi teorisi, kentlerin yesil alanlardan ve dogal mekanlarin
sundugu ekosistem hizmetlerinden yararlanmalar igin gerekli stratejilerin
gelistirilmesi acgisindan plancilar ve karar vericilere kolaylastiric1 bir arag
olma niteligi tasir. Bu arastirma, yesil altyap: stratejisinin kentsel peyzajin
planlanmas: siireclerine entegre edilebilmesini saglamak amaciyla, kentsel
yesil altyap niteligi tasiyan mekanlarin ekolojik performansinin ¢ok kriterli
bir yaklagimla degerlendirilebilmesi i¢in sayisal bir yontem Onerisi ve bu
yontemi uygulamaya yarayacak bir yazilim gelistirmeyi hedeflemektedir.
Kentsel yesil altyapilarin performansini 6l¢gmek amaciyla literatiirde yapilmig
olan bir¢ok arastirma incelenmis ve 6zellikle Davies, C., & Lafortezza, R. (2017)
tarafindan yapilan calismada ortaya konulan temel kriterler gelistirilerek;
degerlendirmede dikkate alinmasi gereken kriterler 6 kategoride toplanmigtir:
(1) “diger altyapilarla entegrasyon”, (2) “cok islevlilik”, (3) “baglantihilik”, (4)
“cok olgeklilik”, (5)“cesitlilik” ve (6)“kimlik”. Aragtirma kapsaminda gelistirilen
PROSECO Yazilim1 yukarida siralanan kriterler baglaminda her bir kriter
icin sahadan toplanan verilerin karsilikli olarak sayisal degerlendirilmesini
saglamaktadir. Ana tema olarak belirlenen 6 kriterin; degerlendirilen yesil
altyapt mekanindaki basarisin1 6lgmek amaciyla tanmimlanan gosterge ve
parametreler, alan bazinda sayisal verilerle degerlendirilerek, her bir alt kriter
i¢in yazihma 10-100 arasinda bir puan derecesi girilmektedir. Yazilimin
her kriter i¢in ortaya koydugu ortalama deger hesabina gore yesil alanlarin
performans analiz grafigi elde edilmektedir. Yazilimin sinanmasi i¢in 6rnek
alan olarak, tanimli bir peyzaj biitiinliigii icermesi sebebiyle Istanbul Bogazici
ekosistemi secilmistir. Istanbul kentsel yesil mekéanlarina bakildiginda
kent ekosistemini olusturan bagslica yesil altyap1 mekanlar1 4 ana tipolojide;
“korular”, “

» o«

parklar”, “agaclandirilmig cadde ve bulvarlar” ile “mezarliklar”
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olarak simiflandirilmigtir. Her tipolojiden Bogazin iki yakasindan segilen 6rnek
alanlarda, PROSECO yazilimi kullanilarak yapilan sayisal degerlendirmede (2,7
milyon m2 alansal biiyiikliikteki) 8 farkli yesil alanin yesil altyap1 performansi
Ol¢lilmiis; analiz sonuglarina gore, her bir alaninin giiglii ve zayif oldugu yonler
tespit edilmistir. Avrupa yakasinda Emirgan Korusu, Magka Demokrasi Parki,
Asiyan Mezarlig1 ve Dolmabahgce Ciragan Caddeleri; Anadolu yakasinda Fethi
Pasa Korusu, Kiiciik Camlica Korusu, Kandilli Mezarhg: ve Kelle ibrahim
Caddesi performans degerlendirmesi yapilan alanlardir. Bu alanlarda yapilan
yerinde gozlem ve tespitler, alan yoneticisi ile birebir goriisme, kullanicilar
ile goriismeler, mekansal oOzelliklerin haritalandirilmasi1 gibi yontemlerle
toplanan veriler PROSECO icerisinde tanimlanan yesil altyap: kriterleri basar1
gostergelerine puan olarak yansitilmis ve elde edilen basari grafiklerinde
her alanin performansi, giiclii ve glicsiiz oldugu yonler sayisal olarak ortaya
cikarilmistir.

Anahtar Kelimeler: Yesil Altyapi, Kent Ekosistemi, istanbul, Cok Kriterli
Performans Analizi
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Abstract

The green infrastructure theory, which emerged due to update the green
system theory in order to reconcile the economic development goals of the
cities with the nature conservation principles, is a facilitating tool for the
planners and decision makers in terms of developing the necessary strategies
for the cities to benefit from the green areas and the ecosystem services offered
by the natural places. This research aims to propose a numerical method for
evaluating the ecological performance of urban green infrastructures with a
multi-criteria approach in order to integrate the green infrastructure strategy
into the planning processes of the urban landscape, and to develop a software
to implement this method. In order to measure the performance of urban
green infrastructures, many studies in the literature have been examined. In
particular, the basic criteria set forth in the study by Davies, C., & Lafortezza,
R. (2017) were developed and the criteria to be considered in the evaluation
were gathered in 6 categories: (1) “integration with other infrastructures”,
(2) “multifunctionality”, (3) “connectedness”, (4) “multiscale”, (5) “diversity”
and (6) “identity”. The PROSECO Software developed within the scope of the
research provides a mutual numerical evaluation of the data collected from
the field for each criterion in the context of the criteria listed above. The 6
criteria determined as the main theme; Indicators and parameters defined in
order to measure the success of the evaluated green infrastructure space are
evaluated with numerical data on a field basis, and a score between 10-100
is entered into the software for each sub-criterion. According to the average
value calculation of the software for each criterion, the performance analysis
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graph of the green areas is obtained. The Istanbul Bosphorus ecosystem was
chosen as the sample area for testing the software, since it contains a defined
landscape integrity. When we look at the urban green spaces of Istanbul, the
main green infrastructure spaces that make up the urban ecosystem are in 4
main typologies; They are classified as “groves”, “parks”, “tree-planted streets
and boulevards” and “cemeteries”. The green infrastructure performance of 8
different green areas was measured in the numerical evaluation (2.7 million
m2 area size) made using PROSECO software in sample areas selected from
both sides of the Bosphorus from each typology. According to the results of the
analysis, the strengths and weaknesses of each area were determined. Emirgan
Grove, Macka Democracy Park, Asiyan Cemetery and Dolmabahce Ciragan
Avenues on the European side; On the Anatolian side, Fethi Pasha Grove,
Kiiciik Camlica Grove, Kandilli Cemetery and Kelle ibrahim Street are the areas
where performance evaluation is made. The data collected by methods such as
on-site observations and determinations made in these areas, deep-interviews
with the area manager, interviews with users, mapping of spatial features were
reflected in the success indicators of the green infrastructure criteria defined in
PROSECO, and in the success graphs obtained, the performance of each area,
its strengths and weaknesses quantitatively revealed.

Keywords: Green Infrastructure, Urban Ecosystem, Istanbul, Multi-criteria
Performance Assessment
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1. GiRIS VE CALISMANIN AMACI

Yesil altyapa stratejisi; kentlerdeki yesil alanlar, koruma alanlari, karasal veya
sucul ekosistemler gibi dogal mekanlar1 planlayarak, birbiriyle baglantil bir
ag stratejisi gelistirmek icin kullanilan kapsayici bir teoridir. Kentsel ekolojiye
kars1 gelisen hassasiyet sonucunda yesil sistemlerin insan kullanimi odakl
siiflandirilmasi yaklagimi yerini, yesil alanlarin sagladigi ekosistem hizmetlerine
gore siniflandirildig: bir yaklasima evrilmistir (Coutts & Hahn, 2015). Kentlerin
ekonomik kalkinma hedefleri ile doga koruma ilkelerinin uzlastirilmasi adina
yesil sistem teorisinde bir giincelleme yapmak amaciyla ortaya cikan yesil alt
yapi teorisi, kentlerin yesil alanlardan ve dogal mekanlarin sundugu ekosistem
hizmetlerinden yararlanmalari icin gerekli stratejilerin gelistirilmesi agisindan
plancilar ve karar vericilere kolaylastirici bir ara¢ olma niteligi tagir.

Yesil altyapi niteligi tasiyan alanlar, kentsel alanlarda karsilagsmakta oldugumuz
ekolojik problemlerin en etkili sekilde giderilmesine yonelik c¢oziimlerin
gelistirilmesinde 6nemli aktorlerdir. Yesil altyap: stratejisi, yesil alanlarin
cok iglevliligi ilkesini temel alarak, kent icerisindeki ve c¢eperlerindeki yesil
alanlarin kent mikroklimasi ve su ekonomisinin diizenlenmesine katki saglama
potansiyellerini arttirmay: hedeflemektedir. Ulkemiz kentlerinde yesil alanlarin
planlanmasi biitiinciil kentsel planlama yaklasimi ile ele alinmadigindan,
kentlerimizde planlanmis yesil altyap:r sistemlerine rastlamak zordur. Bu
nedenle mevcutta kullanilmakta olan yesil alanlarin yesil altyap islevini yerine
getirme potansiyeli olup olmadiginin arastirilmasi, nitelikli alanlarin korunarak
gelistirilmesi gibi stratejiler, iklim degisikligine bagh risklerin kentler iizerinde
yaratacagl baskilarin azaltilmasinda 6nem tagimaktadir.

Bu arastirma, yesil altyapr stratejisinin kentsel peyzajin planlanmasi
siireclerine entegre edilebilmesini saglamak amaciyla, kentsel yesil altyap:
niteligi tasiyan mekanlarin ekolojik performansinin ¢ok kriterli bir yaklagimla
degerlendirilebilmesi i¢in sayisal bir yontem 6nerisi ve bu yontemi uygulamaya
yarayacak bir yazilimi gelistirmeyi hedeflemektedir.

1.1. Ydntem ve Materyal

Kentsel yesil altyapilarin performansini 6lgmek amaciyla literatiirde yapilmis
olan bircok arastirma incelenmis ve 6zellikle Davies, C., & Lafortezza, R. (2017)
tarafindan yapilan caligmada ortaya konulan temel kriterler gelistirilerek;
degerlendirmede dikkate alinmasi gereken kriterler 6 kategoride toplanmigtir:
(1) “diger altyapilarla entegrasyon”, (2) “cok islevlilik”, (3) “baglantililik”,
(4)“cok Olegeklilik”, (5)“cesitlilik” ve (6)“sosyal kapsayicilik”. Arastirma
kapsaminda gelistirilen PROSECO Yazilimi (Sekil 1) yukarida siralanan
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kriterler baglaminda her bir kriter i¢in sahadan toplanan verilerin kargilikl
olarak sayisal degerlendirilmesini saglamaktadir. Ana tema olarak belirlenen 6
kriterin; degerlendirilen yesil altyap1 mekanindaki basarisim 6lgmek amaciyla
tanimlanan altkriterler alan bazinda elde edilecek gostergeler degerlendirilerek,
her bir alt kriter i¢in yazilima 10-100 arasinda bir puan derecesi girilmektedir.
Yazilimin her kriter i¢in ortaya koydugu ortalama deger hesabina gore yesil
alanlarin performans analiz grafigi elde edilmektedir.

2. KENTSEL YESiL ALTYAPILARIN PERFORMANS ANALIZi
2.1. Kentsel Yesil Altyap1 Kavrami ve Kent Ekosistemi iliskisi

Iklim degisikliginin etkiledigi kent giindeminde; ekosistem hizmetleri,
doga temelli coziimler, peyzaj sehirciligi, ekolojik sehircilik veya sosyo-
ekolojik sistemler gibi bir dizi (az ya da ¢ok) yeni kavram ve yaklagiminin
tartisildigim1 gérmekteyiz. Bu kavramlar icerisinde pragmatik bir yaklasim
olarak goriilebilecek yesil altyap1 terimi, 6zellikle kentsel alanlarda yesil alan
gelisimine iligkin profesyonel ve bilimsel tartismalari, politik stratejileri ve
pratik yaklasimlar sekillendirmeye baglamistir (Seiwert& Ré8ler,2020).

2.2. Kentsel Yesil Altyapi Performans Kriterleri

Kentsel yesil altyapilarin performansini 6l¢gmek amaciyla literatiirde yapilmig
olan bir¢ok arastirma incelenmis ve 6zellikle Davies, C., & Lafortezza, R. (2017)
tarafindan yapilan calismada ortay konulan temel kriterler gelistirilerek;
degerlendirmede dikkate alinmasi gereken kriterler 6 kategoride toplanmigtir:
(1) “diger altyapilarla entegrasyon”, (2) “cok islevlilik”, (3) “baglantililik”,
(4)“cok odlceklilik”, (5)“cesitlilik” ve (6)“kimlik”.

1-Entegrasyon: Yesil altyapilarin kentin ekolojik sistemine destek verebilmesi i¢in
kentteki diger stratejik altyapilarla biitiinlesmesi beklenir. Kentin gri-altyapilari
ile uyumlu iligkiler kurabilme ve diger altyapilarla biitiinlesme kabiliyeti.
Yesil-gri entegrasyonu, su yonetimi, iklim degisikligi adaptasyonu, gida
tedariki, yasam kalitesi, hava kalitesi, kiiltiirel varliklarin korunmasi, dogal
malzeme kullanimi, biyolojik cesitlilik, siirdiiriilebilir enerji, fauna tespiti ve
korunmasi, katilim, arazi kullanimi, glivenlik, afete direnclilik

2-Cok iglevlilik: Yesil alanin birbiriyle ve cevredeki diger altyapilarla iligkili
farkl ve cesitli islevler icermesi beklenir. Farkli ekosistem hizmetleri sunan
islevsel cesitlilik. (Kaynak saglayan, destekleyen, dongilisel ve Kkiiltiirel
ekosistem hizmetleri)

3-Baglantililik : Yesil altyapilarin ekolojik koridorlar araciligi ile birbirlerine ve
kentin ana ekosistemine baglanmasi durumu. Yesil alanlardan, yegil sisteme ve
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yesil aglara, yesil aglardan ekolojik sistemlere dogru bir sistemsel hiyerarsinin
parcasi olabilme kabiliyeti, yapisal baglantililik, hayvan ve bitkiler i¢in islevsel
baglantililik, insanlar icin islevsel baglantililik, web ortamindaki sosyal aglar
yardimiyla sanal ortamda taninirhik.

4-Cok Olceklilik: Yesil altyapilarin planlanmasina farkli 6lceklerde yaklasimlarm
olanakli kilindig1 planlama ve yonetim stratejisi; kiiresel, bolgesel, yerel ve
yoresel yonetim aglariyla iligkiler kurabilme olanaklarimin varlig:.

5-Cesitlilik : Yesil Altyap: tipolojilerinin ve icerdikleri elemanlarin cesitliligi,
islevsel cesitliligin getirdigi zenginlik, biyolojik ¢esitlilik, Farkl iglevlerde ve
Olceklerde yonetilen dogal, yari-dogal alanlardan olusan YA Ag1

6-Kimlik: Belirli bir kimligi olan mekan, ekolojik birim olma kabiliyeti,
bulundugu bolgede yasayanlarin aidiyet duygusunu ve sahiplenme arzusunu
tetikleyebilen bir kimligi yansitma potansiyeli.
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Tablo 1: Yesil Altyapi performans kriterleri, gésterge ve parametreler

Yesil Altyapi Performans

Kriterleri Gistergeleri Parametreler Formiilasyon
Yapisal gelisim Alaﬂi?g%ﬁ%';%"\ﬁﬁﬂ%” bir Yonetici ile gortisme/+/-
Alanda su kullanimina iliskin - .
bir vénetim varmi: akilh sulama Sulama suyunun verimli kullanimi, yagmur suyu
S yBinetimi ar|t||)rln| Su kullamfm eralti su u hasail, su ekonomisi
3 e \}by y WUS= Awe X PaMw+Swe+PS
|k||m deg@‘k“gme de;as?lzﬂg[nseuﬁsuyrﬁ?ﬁlm lklljll(llérr?|m| log Ny, j at b.‘;?em', 4 Iv,Temp;preﬁ . ?v‘AI[r‘fb:rre\ 4 +byyaiflear, : Temp pref,
adaplasyon Wb yijntemler varmi +hygsifYear, : Attibute; + plog Ny -1 + §ps + cYear
i 7 Hobi o
(ida Saglama Alga”ﬁgeﬁnﬂgﬁlggﬁgg VS(ZST;H Ct? b Alanda gdzlem, Arc Gis Haritalama +/-
10
. Alan gevresindeki yagam kalitesi = b
Yasam kalitesi ” Zﬂ; s
standartlan nasildir? = Quality of Lie inde
Hava Kalitesi Hava kirlilik degerleri, hava kalitesine | AQI=[((Pmobs-Pmmin)*(AQimax-AQimin))/
ilikin veriler? (Pmmax-PMmin )1+AQImin
Kor“mgﬁ]{gne“k Killtirel koruma plani var mi? Yonetici ile goriisme/ dokuman tarama +/-
Yapisal peyzaj . . )
elemanlannda Peyéﬁggiﬁ:g:&?:ﬂgﬁaﬁ‘rg? ve Kullanilan tiim malzeme/ dogal malzeme orani
(Diger dogallik/yerellik
;I]ttyeag[i!zsi)rllgr)] Bg’;;%'ﬁkg;g%%/ Ekolojik koruma plani var mi YGnetici ile goriisme/ dokuman tarama +/-

Konum

Dogal mekanlara yakinlik

Arc Gis haritalama / sayisal 8lctimler

Siirdiriilebilir enerji

Siirdiriilebilir enerji kullanimna

Toplam enerji tilketimi / yenilenebilir enerji

kullanimi iliskin bir strateji var mi? tilketimi
Topografyaya dayali bir arazi
Topografya kullanimi var mi? Topografyanin Egim Analizi ve ortalama egim hesabi %p:h/I

zorluk derecesi nasi?

Fauna tespiti ve
korumasi

Fauna koruma amagh bir plan /
yGnetim var mi?

Yonetic ile gortisme/ dokuman tarama +/-

Katilim

Sivil veya goniillii aktivitelerle iligki
olanagi sunuyor mu?

Toplam ziyaretci sayisi/ sivil aktivite ziyaretgi
sayis! (aylik)

Arazi Grtiisli

Yapisal/yegil-dogal arazi ortiisi
orani ?

Arc Gis haritalama / sayisal 6lctimler

Sug/gavenlik

Giivenlik diizeyi/alan givenli mi -
gece kullanimi var mi ?

TUIK bolgesel sug verileri

Afet direncliligi

Alan afet planinin parcas mi/ acil
durum plani var mi?

Afet Risk Faktori =f (afet olma olasili,
Kinlganlik) Yonetici ile grisme/ dokuman
tarama +/-
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Tablo 1: Yesil Altyapi performans kriterleri, gésterge ve parametreler

GONINNG aktivitelere katilim /
. Kullanicilann memnuniyet diizeyi .
Sosyal islevler Kullaniclann buray kullanma Katilimer sayimlar, yonetici yillik raporlan
sebepleri (kullanici anketi gerekir)
) Simpson Index (D) = — :
Yagmur suyu hasadi, habitat S p?
Ekolojik islevler | olusturma, ekolojik koruma planinin
olmasl, biokiitle etkisi, biyokiitle indisi,
Alanda gdzlem ve tespitler
Cok Iseviitk i Alanda ekonomik agidan gelir getirici Gelir miktar, yilk gelir gider verileri
Ekonormik siever bir faaliyet olmasi
- Gezi, gbzlem, sanat, yerel kiiltiirel S
Kultirel iglevler faalyetlerin vari Yillik etkinlik takvimi , etkinlik yogunlugu
Egitim / O
s Kamu bilgilendirme-egitim e
B||g|lend\rlme faalyetlrine olanak saglama Yillik etkinlik takvimi , etkinlik yogunlugu
isleveri
p Toplum saghgini destekleyen " —_—
Saglik kullanmlar Kullanimlann varlig Alanda gbzlem ve tespitler +/
Strilktdirel Alan gevresindeki bagka mekanlarla b Al
baglantlar baglantii m? Arc Gis haritalama / sayisal 8lctimler
" Biyogesitlilik indisi
Bitki ve hayvan - L
P Alan bitki ve hayvan tirlerinin
turletg;égllanmlﬁ;ervsel yagamas! ve gegisi igin elverigli mi? - N(N-1)
Baglantililk Yn(n-1)
i I Mekan igerisindeki sirkillasyon s e )
'”Sa”t';['lg'n”ug'revse‘ olanaKlariim cesiligl erigleifir, | ¢ CS “af"a'i?aléaslaé':ai'“(;'f“m'er/ye””de
0 toplu tagima baglantilannin sayisi vb. Y p
Internet/teknoloji ile | Internet erigimi, web sitesi, akilli kent TR ]
baglantlar network Yonetici ile gortisme/ dokuman tarama +/:
Ulusal bir agin Milli park, doga koruma alant, R, 3
pargas! olarak MYA biyosfer alani vb statiisii Yonetcile gorisme/ dokuman taraima +/
Bolgesel biragin | Bolge parki? Bolgesel lgekte Gnemi T, 3
parcasi MYA olan alan? Yonetici ile goriisme/ dokuman tarama +/
& | Belediye dizeyinde Belediyenin kontroliindeki yegil . 5
Gok Olgeklilik MYA planlamasi sistemlerin parcas Yonetici ile goriigmey/ dokuman tarama +/
Mahalle diizeyinde PR,
MYA planiamasi Mahalle parki, semt parki vb. Yonetici ile goriisme/ dokuman tarama +/-
Alan diizeyinde Alan diizeyinde mezarlik, koru, P,
MYA planlamasi park b, Yonetici ile goriigme/ dokuman tarama +/-
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Tablo 1: Yesil Altyapi performans kriterleri, gésterge ve parametreler

T Bu mekan koru alani, kent orman
Bilyiik 6lcekli dogal/ Y '
> cayir, mera, sulak alan, doga koruma e e
yar|(\1/ggr;|zlilla\an alani vb.bir dogal mekn iceiyor Arc Gis haritalama / sayisal 8lgiimler
0 mu?
Bilyiik 6lgekli . i
.- Alan belirli bir kurumsal niteligi olan - -
yongltgre]rzl/gﬁlrgulnan yonetim plani le yonetilyor mu? Arc Gis haritalama / sayisal 8lctimler
Gesitlilik 0 ik
é}ae\ﬁﬁoygb Bu kilgiik veya orta dlgekli alan
ol é"ov ol ko?u nan orman, koru, cayir, mera vb. bir Arc Gis haritalama / sayisal 8lgiimler
J ala?lvarl@ dogal mekén iceriyor mu?
Orta veya kiigiik U
PG A Bu kiligiik 6lcekli mekan bir doda b Al
k?)lr%?]g:]ngstvg% | onmapiansatisine el mi? Arc Gis haritalama / sayisal 6lciimler
Kimlik olusturan Yoreye 0zgii dogal/endemik
Peyzaj 6Gelerinin | tlirlerin kullanilmasl, yasatilmas ve Yonetici ile gorlisme/ stratejik plan +/-
tespiti ve korunmasi korunmasi
Kullanici baskisi, NI T
nik | fouraulnng A';?'L‘a';'amsﬂg'S;a"nﬁgﬁﬂmagﬁay%“k onetci e girisme/ statejik plan +-
lengesi '
Belgeleme ve N
gelecek kusaklara Alana ‘|'§§£§'||r'[%n:i|aﬂ%ma’ yayn, Yonetici ile goriismey/ dokuman tarama +/-
aktarma i

2.3.Kentsel Yesil Altyapilarin Performansinin Analiziicin Gelistirilen
Bir Yazilm Onerisi: PROSECO

Kentsel gelisim sonucu yapilagsmig alanlarin cevresindeki yesil mekanlarin
biitiinlesmesi ile ortaya cikan yesil sistemler, modernizmin insan odakl
yaklasiminin bir iiriinii olduklarindan kendilerinden beklenen ekolojik islevleri
yerine getirmede rekreasyonel iglevlere gore daha diisiik performans gosterirler.
Kentin insan miidahalesi ile doniisiim gecirmis olan yapay ekolojisini dogal
ekosisteme baglamak gorevini iistlenebilecek yesil alanlarin, ¢evredeki dogal
ekosistemle nasil biitiinlestirilebilecegi bugiiniin kentlerinin ¢6zmesi gereken
onemli bir problematiktir. Yesil Altyap1 yaklasimi bu problemin ¢6ziimiinde
pratik bir cikis yolu saglamaktadir. Diger taraftan, mevcut yesil alanlarin yesil
altyapi kabiliyetinin 6l¢iilmesi ve stratejik olarak gelistirilebilecek ¢ozlimlerin
bu veriye gore planlanmasi, yesil sistemlerin dogaya entegrasyonu ve
rejenerasyonu acisindan zamansal kazanim saglayacaktir.

Ozellikle yogun niifuslu metropolitan kentlerde, insan kullanimlarinin baskis
nedeniyle, mevcut yesil alanlar ekosistem hizmetlerini %100 performansla
yerine getiremeyebilirler. Bu tip durumlarin tespiti ve mevcut yesil alanlarin
yesil altyap1 olma kabiliyetinin anlagilmasi icin sayisal tabanli yazilimlar
kullanarak daha objektif sonugclara ulasilabilir.
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Bu aragtirmada, mevcut yesil alanlarin yesil altyap1 olma kabiliyetini anlamak,
eksik olduklar1 noktalar1 tespit edebilmek ve buna gore strateji gelistirmek
amaciyla; Davies, C., & Lafortezza, R. (2017) tarafindan ortaya konulan
yesil altyap1 kriterlerini kullanarak, bu kriterleri destekleyen gosterge ve
parametreler yardimiyla gelistirdigimiz matrisi, yesil alanlarin yesil altyap:
olma potansiyelini 6lgebilen bir yazilim aracina doniistiirmeyi hedefledik.

PROSECO adin1 verdigimiz yazilim, Visual Studio ve C#.NET (C Sharp)
yardimiyla olusturulmus basit bir yazilimdir ve iiretilen arayliiz ilgi grubundaki
herkes tarafindan kolayca kullanilabilmektedir. C#, genel amach, herkes
tarafindan kullanilabilen ¢ok paradigmali bir programlama dilidir. C#, nesne
yonelimli (simif tabanli) ve bilesen yonelimli programlama disiplinlerini
kapsar. C# ile uygulama gelistirilirken kullanilan platform Visual Studio
IDE’dir. Visual Studio bircok igletim sistemlerinde kullanilmaktadir.

mai24 01:13

windows 10 BAC [Running] - Oracle VM VirtualBox

File Machine View Input Devices Help

ROSECO Goals - Microsoft Visual Studio wcementrpide(CuhQ) P = & X
FICHER EDTON AFFCHAGE PROJT GENERER DEBOGUER EQUPE SOL OUTLS TEST ARCHTECTURE ANALYSER FENETRE 7
{35 [ERE-0 N > Démarrer = Debug - A _ "

protected override void Dispose(bool disposing)
i1 (disposing && (components = nullyy
«
eomponents. Dispose ()}

)
base.Dispose(disposing);

Prét n1 Col 1 Car 1 INs

Sekil 1: Visual Studio ve C#.NET(C Sharp) yardimi ile yazilim gelistirme slrecinde
kullanilan ara ytzden bir 6rnek.

Bu uygulama ile elde edilen arayliz, karmasik yapiya sahip kentsel yesil
sistemlerin yesil altyapi potansiyelinin sayisal olarak analiz edilebilmesi igin
katmansal olarak siniflandirilmis bircok gostergeyi bir grafik tizerinde sayisal
olarak gorsellestirmeye olanak saglamaktadir.
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s P o e —

VERI GIRISi

geee parametre 1.1
H

i“ parametre 1.2

YESILALTYAPI KRITER 1- sse BOStErge Les.i. parametre 1.3

gosterge 2

gosterge n

p21p2.2.. h \/
;

HESAPLAMALAR-Tablo.1
GRAFIK ELDE EDILISI

SITE 03 Magka Demoks

Sekil 2: Programin ¢alisma slrecini gdsteren akis semasi

Aragtirma kapsaminda gelistirilen PROSECO Yazilimi Tablo 1’de siralanan
kriterler baglaminda, her bir kriter i¢in belirlenen gosterge ve parametrelere
dair sahadan toplanan verilerin karsilikli olarak sayisal degerlendirilmesini
saglamaktadir. Ana tema olarak belirlenen 6 kriterin; degerlendirilen yesil
altyapt mekanindaki basarisim1 Olgmek amaciyla tanimlanan gostergeler
alan bazinda elde edilecek parametrelere uygun veri toplama yontemleri
neticesinde degerlendirilerek her bir parametre icin yazilima 10-100 arasinda
bir puan derecesi girilmektedir. Yazilimin her kriter i¢in ortaya koydugu
ortalama deger hesabina gore yesil alanlarin performans analiz grafigi elde
edilmektedir. Sonucta elde edilen dairesel grafik semasi, degerlendirilen yesil
alanin giiclii ve zayif oldugu yonlere dair yoneticiye bir 6n bilgi vermektedir.
PROSECO’nun c¢iktilarmin gorsel olarak kolay algilanabilir olmasi, c¢ok
kriterli bir degerlendirme olanag: sunmasi ve dlciime dayali sayisal verilerle
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olusturulmus olmas1 mevcut yesil alanin, yesil altyapiya doniistiiriillmesi
i¢in alinacak stratejik aksiyonlarda giivenilir bir yon gosterici ara¢ olma
potansiyelini desteklemektedir.

Aragtirmanin bundan sonraki kisminda, gelistirdigimiz yazilhimin Bogazici
Ekosistemindeki secili yesil alanlarda uygulanarak c¢alisip calismadigi
sinanacaktir.

3. BOGAZICi KENT EKOSISTEMi YESIL ALTYAPILARININ
PERFORMANS ANALIZi

3.1. Bogazici Ekosisteminin Genel Ozellikleri ve
Calisma Alani Sinirlan

Calisma alani olarak secilen Bogazigi kentsel ekosistemi, iklim, toprak ve
jeomorfoloji agisindan ekolojik bir biitiinliik icermekle beraber, kentin kiiltiirel
belleginde yesili ve dogal giizellikleri ile yer etmis 6nemli bir degerdir. Bu
ozelligi ile calisma konumuz olan yesil altyap performansinin 6lgiilebilirligine
dair iyi bir laboratuvar niteligi tasimaktadir.

Bogazici cografyasi ve dogal topografyasi ile diinyada tek ornektir. Doga iki
kitay1 ortadan ikiye ayirmis ve 6zel bir goriiniime sahiptir (Ayvazoglu, 2012).
Bagka bir tanimda ise, Karadeniz ile Marmara Denizi'ni baglayan, kuzeydogu-
giineybat1 yoniinde uzanan dar bir suyolu olan Bogazici, Istanbul Bogaz1 ya
da kisaca Bogaz diye isimlendirilir. Kiyilari, ortadan yirtilmig gibi girintili
cikintili bir paralellik izler. Her burun ve dil karsisinda bir korfez ya da bir koy
bulunur. Bogazicinin topografik yapisi yerlesmeyi etkilemis ve kendine 6zgii
bir yerlesme ortaya ¢ikmasini saglamistir. Dar kiyilarda yalilar ve vadilerde
koy yerlesimleri, fiziki yapi ile uyumlu bir Bogazigi peyzaji meydana getirmistir
(Cubuk, 1994). Bogazici alan1, dogal ve kiiltiirel degerleri ve bunlarin meydana
getirdigi peyzaj biitlinliigii ile “dogal ve tarihi sit alan1i” statiistinde 6zel koruma
alanidir. 2960 sayili Bogazici Kanunu’nda tanimlanan Bogazici Alani, Avrupa
yakasinda; kuzeyde Sariyer, giineyde Besiktas ilgesi ile Anadolu yakasinda;
kuzeyde Beykoz, giineyinde Uskiidar ilcesi sinirlar icerisinde dort ilce idari
sinirlar1 kapsamindadir. Bogazi¢i Alani'nin kapsadig: alan, 11.500 hektardir.
Bu toplam alaminin 4635 hektarlik kismin1 Bogazici Sahil Seridi ve Ongériiniim
Bolgesi alam1 olusturmaktadir (Istanbul Biiyiiksehir Belediyesi, Bogazici
Imar Miidiirliigii, 2006). 1983 Bogazici 2960 sayih kanununa gore; Bogazici
Alaninda yer alan ve orman sayillmayan kamu kurum ve kuruluslarina veya
ozel miilkiyete ait koru, koruya katilacak alan, cayir, mesire yeri, bostan ve
benzeri alanlar yesil alan sayilir ve bitki varliklar gelistirilerek muhafaza edilir.
Bu alanlardaki agac¢ varliklarinin yok edilmesi veya tahrip edilmesi yasaktir.
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Bu aragtirma Bogazici yesil alanlarinin kentin dayamikliligina etkilerinin
Olciilmesi yaninda, bu alanlarin korunmasi ve tahribinin 6nlenmesi icin
farkindalik olusturulmasi acisindan 6nem tagimaktadir. Ayrica yiiriirliikte olan
Bogazici kanununun etkin sekilde uygulanmasi adina giincel veri elde edilmesi
ve bu verilerin kentsel direnclilige katk: saglayacak yesil altyap: stratejisinin
gelistirilmesinin onii agilmis olacaktir.

KORULAR

Sanyer H
2-Feth Pasa Korusu / Uskidar 1

7 1 / Begiktay
8-Kele lorahim Caddesi / Beykoz

Sekil 3: Calisma Alanlari

Yazihmin simanmasi icin ornek alan olarak, tamimh bir peyzaj biitiinliigi
icermesi sebebiyle Istanbul Bogazici ekosistemi secilmistir. Bogazin kentsel yesil
mekanlarina bakildiginda Bogazici kent ekosistemini olugturan baslica yesil
altyapt mekanlarinin 4 ana tipolojiden olustugu tespit edilmistir. Bunlar;
“korular”, “parklar”, “agaclandirilmis cadde ve bulvarlar” ile “mezarhklar”
olarak siniflandirilmigtir.

Avrupa yakasinda Emirgan Korusu, Macka Demokrasi Parki, Asiyan Mezarligi
ve Dolmabahge Ciragan Caddeleri; Anadolu yakasinda Fethi Pagsa Korusu,
Kiiciik Camhica Korusu, Kandilli Mezarlig1 ve Kelle brahim Caddesi performans
degerlendirmesiyapilan alanlardir. Sekil 3’te bu alanlarin konumlari ve 6zellikleri
harita iizerinde gosterilmektedir. Bu alanlarda yapilan yerinde gozlem ve
tespitler, alan yoneticisi ile birebir goriisme, kullanicilar ile goriismeler, mekansal
ozelliklerin haritalandirilmasi, sayisa nitelikli gostergeleri betimleyecek
indislerin hesaplanmas: gibi yontemlerle toplanan veriler PROSECO icerisinde
tanimlanan yesil altyap: kriterleri basar1 gostergelerine 100’liik sistemde puan
olarak yansitilmis ve elde edilen basar1 grafiklerinde her alanin performansi,
giiclii ve gilicsiiz oldugu yonler sayisal olarak ortaya ¢ikarilmistir.
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3.2. Calisma Alanlarinin Yesil Altyapi Performans Analizi
Kapsaminda Sahada Yapilan Tespitler

Bogazici kent ekosisteminin parcasi olan koru alanlarinda yapilan ¢alismada,
Emirgan Korusu ve Fethi Pasa Korular1 incelenmistir. Her iki alan da
kentin dogal ekolojik yapisindan izler barindirmasina ve diger altyapilarla
entegrasyon gercgeklestirme kapasitesine sahip olmasina ragmen, kentin diger
ekosistem unsurlar ile zayif baglantililik gosterdigi gozlenmektedir. Ayrica
relikt dogal mekanlar olarak nitelendirilebilecek bu alanlarin biyolojik cesitlilik
acisindan ozelliklerini koruyabilmeleri igin iist 6lgekte bir planlama stratejisi
gelistirilmesine ve kurumsal bir koruma aginin parcasi olarak koruma planlari
dahiline alinmasina acilen ihtiyac oldugu yine sayisal verilerle elde ettigimiz
tespitlerimiz arasindadir (Sekil 4).

SITE 02 Fethi Pas:

Sekil 4: Emirgan Korusu ve Fethi Paga Korusu YA Performans Grafikleri ve alandan
fotograflar

Calisma alam olarak secilen Macka Demokrasi Parki ve Kiiciik Camlica
Korusu yapisal ve iglevsel agidan rekreasyonel faaliyetlere yonelik olarak
tasarlanmig bircok mekan ve eleman igermektedir. Bogazi¢imnin ekolojik
kimligini yansitan egimli topografya, Bogaz manzarasina acilan seyir teraslar
ve Bogaza 0zgii bitki topluluklarim iceren bu iki park alani, yogun yapisal
kullamim baskis1 altindadir. Kentsel yesil altyapr yoniiniin gii¢lendirilmesi
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adina, bu mekanlarin dogal niteliklerinin koruma altina alinmasi ve yapisal
gelisimi sinirlandiracak mekansal planlama stratejisinin yerel yonetimlerce
olusturulmasi gerekmektedir. Cok islevlilik agisindan ekolojik islevlerin bu gibi
basilardan dolay1 zayifladig1 ve alanin baglantililik 6zelliginin gelistirilmesi

gerektigi tespit edilmistir (Sekil 5).

Sekil 5: Magka Demokrasi Parki ve Kiigiik Gamlica Korusu YA Performans Grafikleri ve
alandan fotograflar

Sekil 6: Kandilli Mezarligi YA Performans Grafidi ve alandan fotograf

Mezarlik alanlar kentlerin ekosistem dengesinin korunmasinda etkili olan
goriinmez savascilardir. Istanbul'un Bogaz ekosisteminin genel imajin1 yansitan
servi ve erguvan agaclarinin kitlesel olarak korundugu bu mekanlarda, dogal
toprak yiizeylerin fazla olmasi kentin su ¢evrimine de katkida bulunmalarim
saglar. Yaptigimiz analizlerde mezarliklarin ekolojik islevler acisindan yeterli
diizeyde oldugu, ancak ¢ok islevlilik ve baglantililik agisindan biitiinciil bir stratejik
yaklagimla ele alinmalar1 gerektigi sonucuna varilmigtir (Sekil 6).

Bitkilendirilmig cadde ve bulvarlar biiyiik lekeler halindeki koru ve park alanlari
arasinda peyzaj koridorlar olusturarak ekolojik baglantiilik ve biitiinlesmeyi
saglarlar. Aragtirma alanimizda bulunan ve karsilikh dikilmis ¢inar agaclan ile
bitkilendirilmis olan Ciragan Caddesi ve kelle ibrahim Caddesi kentsel peyzaj
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koridoru olusturma kabiliyetine sahiptir. Ancak alanda yaptigimiz tespitler ve Sekil
7'de goriilen grafik de bu caddelerdeki agaclarin plansiz yapisal eylem ve elemanlar
tarafindan ciddi bask: altinda oldugunu dogrulamaktadir. Biyo-kiitle etkisi yiliksek
yash ¢inar agaclari ile bitkilendirilmis bu caddelerin kent ekosisteminin bir parcasi
olarak goriilmesi ve acil koruma planlari ile siirekli izlenerek koruma-kullanma
dengesinin gozetilmesi gerekmektedir.

SITE 05 Ka

Sekil 7: Giragan Caddesi ve Kelle ibrahim Caddesi YA Performans Grafikleri ve gérseller

4.SONUC

Kentlerde gesitli risklere kars: direnglilik diizeyinin arttirilmasi acisindan yesil
alanlarin yesil altyap: stratejisi kapsaminda planlanarak biitiinlestirilmesi ve
birbirine bagh bir ekolojik ag olarak ele alinmasi bir¢ok kentte uygulanan bir
yontem olarak karsimiza ¢itkmaktadir.

Bu aragtirma kapsaminda gelistirilen yazilim ile yapilan analizler, herhangi
bir yesil alanin yesil altyap1 performansini gérebilme yaninda; farkh alanlar
kargilagtirmali degerlendirmeye de olanak tanimaktadir. Ayrica bu yazilimin
kullanimi yesil alanlarin YA performansin siirekli olarak izleme agisindan
bir veri tabani olusturmasi ve sayisal degerlendirmeyi kolaylastirmas: gibi
ozellikleri bakimindan yerel yonetimlerin ve karar vericilerin yesil altyapi
gelistirme baglaminda stratejik yaklasim gelistirmesini desteklemektedir.
Bu aragtirma siireci belediyenin ilgili birimleri ile koordinasyon halinde
siirdliriilmiis ve siirdiirilmekte olup, c¢alismanin sonug¢ ¢iktilar yetkili
birimlerle paylasilmaktadir. Aragtirmanin sonraki asamasinda hedeflenen,
burada bir baslangi¢ niteliginde sunulmus olan yesil altyapi performansina
yonelik sayisal degerlendirme yonteminin nicel yonden giiclendirilmesidir.
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Hesaplama Caginda Tasarim Yonelimselligi
icin Kapsayici Bir Cerceve

DUYGU TUNTAS
TED Universitesi
duygu.tuntas@tedu.edu.tr

Ozet

Teknolojik gelismeler ve karmagiklik paradigmalari, tasarimcilarin entelektiiel
alanin1 ve mimarligin disipliner simirlarini genigleten tasarim araglarimi ve
metodolojilerini degistirmistir. Bu araclar, aynizamanda, uzun siiredir yerlesik olan
insan merkezli tasarim yonelimselligi dengesini de bozmustur. Bu durum, ¢agdas
teknolojik ve ontolojik baglamlarin incelikleriyle yiizlesmeyi gerektirmektedir.
Bu yiizlesmenin zorluguna cevaben, bu makale, mimari tasarim arastirmasinda
tasarim yonelimselligini sorgulanmayan bir kavram olarak tanmimlamakta,
varsayimlar1 ve disipliner karmasikliklariyla hesaplama cagindaki bir tartismayi
yeniden baglatmaktadir. Bu ¢alismada, hesaplamali mimarlik alaninda kapsayici
bir yonelimsellik yaklagimini ele almak i¢in kavramsal bir ¢erceve sunulmaktadir.
Bunu yaparken, ilk olarak, hesaplamali tasarim arastirmasinda yonelimsellik
kavrami tamimlanir. Tekno-sosyal bir kaygiyla felsefe, antropoloji ve biligsel
bilimlerdeki kavramla ilgili fikirlere bakilir. Ardindan, insan merkezli tanim
yerine, tasarim siirecinde insan olmayan varliklar1 da kapsayan bir model
insa etmek i¢in, yonelimsellik kavrami “araci” ve “eylem” bilesenlerine ayrilir.
Son olarak, karar verme siireclerinde tiim aracilarin bir arada var olusunu ele
alabilecek farkl yogunluklar: ve kosullar1 gosteren bir spektrumla “dagitilmis bir
tasarim yonelimselligi” modeli onerilir. Makale, tasarim siirecinin hem insanin
hem de insan olmayan algoritmik araciliklarin yetenekleri dahilinde genigleyen
bir igbirlik¢i sentez alani1 oldugunu iddia ederek sona erer. Bu ¢alisma, mimari
tasarimda baskin yaklagim, yonelimsellik kavramim (insan) mimarin dehasinin
taninmasina dayandirarak meslegin merkezine yerlestirildiginden, anlamh
bir tartigma ve titiz arastirmadan yoksun olan bu kavramin ele alinmasiyla
mimarhgin kuramsal literatiiriine ve soylemine katkida bulunmay1 hedefler;
tasarim yonelimselligi icin kapsayici bir ¢cerceve ile, hesaplamali tasarimda etik ve
is birligine iligkin yeni bir bakis acis1 saglanabilecegini savunur.

Anahtar Kelimeler: Tasarim yonelimselligi, Aracilik, Insan ve insan olmayan,
Asamblaj, Isbirlikci tasarim
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An Inclusive Framework for
Design Intentionality in the
Age of Computation

DUYGU TUNTAS
TED University
duygu.tuntas@tedu.edu.tr

Abstract

Technological developments and complexity paradigms altered the design
tools and methodologies, which expanded the intellectual landscape of
designers and architecture’s disciplinary boundaries. These tools have
also unbalanced the long-established anthropocentric account of design
intentionality. This condition requires confronting the intricacies of
contemporary technological and ontological contexts. In response to these
challenges, this paper identifies design intentionality as an unquestioned
concept in architectural design research. It reinstates a discussion in the
age of computation with its presumptions and disciplinary entanglements.
This study offers a conceptual framework to address an inclusive account of
intentionality in the field of computational architecture. In doing that, first, a
conceptual elaboration of intentionality is provided in computational design
research. With a techno-social concern, the paper looks at the ideas related to
the concept in the philosophy, anthropology, and cognitive sciences. Then, for
an inclusive model, the concept of intentionality is dismantled and augmented
with the notions of “agency” and “action.” Finally, a distributed form of design
intentionality is proposed with a spectrum that illustrates different intensities
and conditions which can address the coexistence of human and nonhuman
agencies in the decision-making processes. The paper concludes by claiming
the design process as a collaborative space of synthesis, a field that extends
within the agentic capabilities of both the designer and the algorithmic agency,
human and nonhuman. The study contributes to the theoretical literature and
discourse of architecture which lacks a meaningful discussion or meticulous
research of the concept on its own terms, mainly because the notion of
intentionality is placed at the hard core of the profession as the dominant
approach grounds itself in recognition of the mastermind of the architect. An
inclusive framework for design intentionality can provide a new perspective on

17-20 Haziran 2023, istanbul XVII. Mimarlikta Sayisal Tasanm Ulusal Sempozyumu


https://orcid.org/0000-0002-0135-9571

42 MSTAS 2023

the ethics and collaboration in computational design.

Keywords: Design Intentionality, Agency, Human and Nonhuman,
Assemblage, Collaborative design
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1. INTRODUCTION

Technological developments and complexity paradigms altered the design
tools and methodologies, and in turn, expanded the intellectual landscape
of designers and architecture’s disciplinary boundaries. These tools have
also unbalanced the long-established anthropocentric account of design
intentionality. This condition requires confronting the intricacies of
contemporary technological and ontological contexts. In response to these
challenges, this paper identifies design intentionality as an unquestioned
concept in architectural design research.

The paper offers a conceptual framework to address an inclusive account
of intentionality in the field of computational architecture. In doing that,
first, a conceptual elaboration of intentionality is provided in computational
design research. Then, for an inclusive model, the concept of intentionality is
dismantled and augmented with the notions of “agency” and “action.” Finally,
a distributed form of design intentionality is proposed with a spectrum that
illustrates different intensities and conditions which can address the coexistence
of human and nonhuman agencies in the decision-making processes.

1.1. Theoretical context

In the 1990s, a rupture in the history of architecture and design, later named
the Digital Turn in Architecture (Carpo, 2013), occurred by the introduction
of digital tools in research and practice, which was received with great
excitement and euphoria, immediately forming a strong tendency —even a
subculture— among designers and design researchers.! Exploring complex
systems’ generative potentials and emergent capacities leads to privileging
these new tools. The ability to compute massive data within the emergent and
self-organizational capacity of new processes has created a specific interest in
the field of architecture. Through the properties of complex systems, design
can become an autonomous process that can order, self-organize, and even
adapt. With such capacities for spontaneous self-organization, these processes
produce behavior that is “not at all random,” even though the system is fed
with “completely random initial conditions” (Wolfram, 2002).

1 The establishment of multiple design research groups include but are not limited to the Emergent
Design Group at the School of Architecture & Planning, MIT; Emergence + Design Group led by
Michael Hensel, Achim Menges and Michael Weinstock in Architectural Association; Institute for
Computational Design and Research, especially ICD/ITKE Research Pavilions led by Achim Menges
and Jan Knippers at University of Stuttgart.
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The origins of this tendency can be traced back to the experimental studies
of the architect Frei Otto? in the mid-20th century, who considers design as
“problem-solving” with “an intuitive understanding of the physical properties
of structure” and denies artistic motivation to avoid ‘burdening a project from
the outset with preconceived ideas’ (Glaeser, 1972). This shift -which has been
called one from “form making” to “form finding”- informs the problematization
of this study which is located at the very interface of design and technology.
This concern is further extended by the mutual promotion and sustenance
of computational research based on computational tools’ superiority and
operational efficiency in managing complexity (De Landa, 2005).

In such a discursive field, the consideration of intentionality naturally
dissolves and becomes an object of disinterest with the “triumph of the far
from equilibrium paradigm,” as Manuel De Landa asserts (2005). A strong
remark on the disposal of intentionality is later followed and heartened by
Mario Carpo’s announcement on the “dissolution of architectural authorship”
(2011). Authorship as a fellow concept of design intentionality is believed
to be firmly grounded in the human subject. Following the first digital turn
in architecture, Carpo proposes The Second Digital Turn: Design Beyond
Intelligence to demarcate the nature of the current paradigm. This statement
is grounded on the increase in data-compression technologies and the idea
of Big Data. According to Carpo (2017), the increase in speed and capacity in
electronic computing has led to quantitative advancements, representing not
a breakthrough but a threshold in the unimaginable posthuman complexity.

2. CONCEPTUAL ELABORATION OF INTENTIONALITY

For a definition of intentionality in the philosophical field, the most
comprehensive work has been done by Edmund Husserl. Besides the notions
of consciousness, intersubjectivity, and embodiment, Husserl puts the
question of intentionality at the core of his theory of phenomenology (Husserl,
1962; Sokolowski, 2000; Kosowski, 2010). Dan Zahavi (2003) defines the
Husserlian account of intentionality as “an intrinsic feature of consciousness,’
which is ‘not merely a feature of our consciousness of actually existing objects,
but also something that characterizes our fantasies, our predictions, our
recollections, and so forth”. According to Zahavi (2003), Husserl’s analysis
of intentionality can be defined based on three elements: the intentional act,

2 Frei Otto founded Entwicklungsstitte fiir den Leichtbau (Development Center for Lightweight
Construction) in Berlin 1957. Between the years 1955 and 1972, he produced shell, tensile, pneumatic
and space frame structures, mostly in the form of suspended roofs and tents, also including silos and
water towers.
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the intentional object, and the intentional content. While the intentional act
and object reside self-explanatory, Husserl seems primarily concerned with
the notion of ‘intentional content’ since, according to him, every act possesses
intentional content, which defines the mode or way in which a thought is about
an object. Zahavi (2003) informs that “it is the intentional content that makes
consciousness intentional, furnishing the act with its directedness,” in other
words, the act of giving meaning and interpretation becomes possible through
the intentional content. According to Zahavi, Husserl further distinguishes two
interdependent and abstract components of intentionality: intentional matter
and intentional quality: The first component specifies what the experience
is about by providing the act with its directedness toward an object, and
the second defines the specific type of experience by merely qualifying the
reference and not establishing it.

Suppose we dismantle Zahavi’s account of the Husserlian concept of
intentionality. In that case, we can come up with an account in which “agency”
is conceived as the intendant with intentions towards a referent (e.g., an idea,
entity, event, situation) and “action” is the way of relating the intendent to that
referent. The paper discusses such an agentic account by acknowledging the
contributions of both humans and nonhumans and exploring the relationship
in-between them through the actions to propose different degrees and
intensities of agencies that can then share and delegate intentionality with
each other in the design process.

The arrival of machine computation in our intellectual landscape has
profoundly and widely impacted research in the many disciplines concerned
with studying the mind (Horst, 1996). The considerations of intentionality
in the computational realm have started with the curiosity to understand the
inner workings of the human mind. The studies of philosophers like John
Searle (1980a; 1980b; 1983) and Daniel Dennett (1969; 1987) have profoundly
affected the research on the relationship between human reason and the
computing machine. Intentionality -one of the most ambiguous concepts that
long occupied philosophy- has a potential place in many other disciplines and
research areas concerned with the notions such as the human mind, human
behavior, and human relationship with the environment. These disciplines and
research areas include but are not limited to philosophy, anthropology, ethics,
linguistics, epistemology, ontology, cognitive science, technology studies,
machine learning, artificial intelligence, and cybernetics.

In parallel to these developments, the new design tools that technology entails
unsettled the long-established anthropocentric account of intentionality.
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According to Terzidis (2014), using computational methods, “the designer gets
results that are often unintentional, unpredictable, and unexplainable and when
that happens, a black box is set between intention and action”. He means that
if the designer doesn’t acknowledge the inner workings of computational tools
or computer programs, they can only feed the program with inputs and access
to the output. Such a transfer of human intentionality to the organizational
capacity of algorithmic agency creates a rupture in the process of encoding the
designer’s intentionality with the mediation of computation and necessitates
reclaiming the interpretative lead of intentional human agency within the
constellations in which heterogeneous agencies perform various design tasks.

3. EXTENSION OF INTENTIONALITY THROUGH THE CONCEPTS
OF AGENCY AND ACTION

By discharging from the anthropocentric account of human superiority, this
study suggests acknowledging the necessity of the concepts of agency and
action so that a shift towards an inclusive understanding can be made to
extend the concept of intentionality towards a comprehensive and distributed
account. The vocabulary of the concept of agency is brought into the literature
through the prominent theories by Gilles Deleuze (1990) and Gilles Deleuze
and Félix Guattari (1972, 1980). For the concern of this study, the Deleuzian
concept of assemblage is of great value in understanding the human-
nonhuman condition in the contemporary era —especially when discussing
the human-technology relation. The considerations of the agency will provide
for terminology to be later recruited for the assessment of intentionality in
computational architecture and design. In opposition to the conventional
account of intentionality in which a single human actor is the source and unit
of action, Werner Rammert’s (2008) discussions are also significant as they
extend the concept of intentionality with the notions of agency and action.

3.1. Beyond the human and nonhuman divide:
Deleuze’s concept of “expressive agency”

In his article ‘Human and Nonhuman Agency in Deleuze,” Sean Bowden (2015)
comprehensively discusses the Deleuzian account of agency, as defined in The
Logic of Sense, that “can be thought of as compatible with the general features
of an affective assemblage approach to agency’ by which he claims ‘Deleuze

3 The term “blackbox” refers to a system in which an immediate observer can only access to its inputs
and outputs while the inner workings are unknown. Originally defined in computer science and
programming, the theory of black box is adopted by various disciplines such as philosophy of mind,
cognitive science, psychology etc. In different conditions, both human behavior and an algorithm can
be considered as a blackbox. The opposite concept is called a “transparent box”.
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provides us with the resources for developing an account of human intentional
action that is, arguably, compatible with an ontology of assemblages”. Bowden
claims that “the key idea behind the expressive conception of agency is that
actions are in some sense primary in relation to the intentions that animate
them”. We see that the concept of agency in Deleuze (1988) is based on
Spinozan ethology in which -human or nonhuman- all beings are considered
as a “composition of fast and slow speeds, of capacities for affecting and being
affected”. In this conception, there is no ontological distinction between human
and nonhuman or even between artificial and natural, but rather the focus is
the “affective capacity” of agents.

According to Bowden (2015), there are two main approaches to the Deleuzian
conception of agency in contemporary literature: In the first approach, the
scholars do highlight “the nonhuman virtual ground” by affirming the “real
agency is essentially nonhuman,” and the second approach is formed by those
who assign agency to both human and nonhuman, either by suggesting a
symmetrical condition or by emphasizing a “distinct kind of human intentional
agency”. He exemplifies Peter Hallward’s reading of Deleuze for the first
approach in which human beings are passive, and “virtual creatings” are the
real agency that has the capacity to “make new, to transform, change, disrupt,
differ” (Bowden 2015; Hallward, 2006). If we develop from Bowden’s analytical
reading, Bruno Latour’s seminal work on Actor-Network-Theory can be
declared the strongest defender of this account of agency that considers human
and nonhuman in a symmetrical way (Akrich and Latour, 1992). Uwe Seifert
(2008) describes Latour’s actor-network theory, which considers “the action
relation between humans and machines to be symmetrical, and advocate[s]
a kind of anthropology, especially a symmetrical anthropology, which views
the roles of machines in human-machine interaction in general to be equated
with human roles”. Seifert (2008) reviews the human-machine interaction
and concludes that the discussions also reveal a twofold outcome about the
human and nonhuman, which indicates no necessity to couple the accounts of
action, interaction, and interactivity only with human agency, and in addition,
that such human-nonhuman condition creates an integrated formation that
increases and brings together the strongest parts of both human and machines.

Latour looks for effectiveness in human-nonhuman assemblages. However,
this study’s concern is on the exploratory capacity of human-nonhuman
interaction and how they inform one another and expand their intentional
capacity. In this regard, originating from a Deleuzian conception of expressive
agency, Jane Bennett’s theorization of agency in Political Philosophy is
significant since her approach to the concept of agency doesn’t fully flatten and
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symmetrize the human-nonhuman relationship, at the same time emphasizing
the indispensable role of the human agency in an assemblage (Bennett, 2010).

3.2. Virtuality of agency and Bennett’s concept of ‘thing-power’

“[TThe human being is both immersed in a world of nonhuman forces and
inseparable from affective relations with [the] nonhuman.” (Bowden, 2015)

According to Bowden (2015), Bennett (2010) proposes that agency should be
considered as “distributed throughout a Deleuzo-Spinozan affective assemblage
of human and nonhuman actants, rather than something explicable only
with reference to human will or intentionality”. She emphasizes the agentic
contributions of nonhuman forces to ‘cultivate a bit of Anthropomorphism — the
idea that human agency has some echoes in nonhuman nature — to counter the
narcissism of humans in charge of the world’ as the condition of the possibility
of human agency.+ Bennett (2010) remarks: ‘A touch of anthropomorphism
can catalyze a sensibility that finds a world filled not with ontologically distinct
categories of beings (subjects and objects) but with variously composed
materialities that form confederate.” Her account of agency is grounded on the
Deleuzo-Spinozan approach to human and nonhuman, which can be thought of
with a symmetrical account of the natural and artificial. According to Deleuze
(1988):

“[TThe plane of nature that distributes affects does not make any distinction
at all between things that might be called natural and things that might be
called artificial. Artifice is fully a part of nature, since each thing, on the
immanent plane of nature, is defined by the arrangements of motions and
affects into which it enters, whether these arrangements are artificial or
natural.” (p.124)

In parallel with this Deleuzo-Spinozan account, Bennett (2010) draws
attention to the complexity of forces in human-nonhuman assemblages and
states: “There was never a time when human agency was anything other than
an interfolding network of humanity and non-humanity; today this mingling
has become harder to ignore”. In the conventional human-nonhuman relation,
an encounter with the human world can be explained with a distinct divide in
which only humans have intentionality by being the active subject of any action,
and nonhuman is the passive object. However, this split between human and
nonhuman becomes vague when the nonhuman is an invisible force, such as
energy, or a virtual thing that resists representation.

4 According to Bennett, anthropomorphizing involves the interpretation of what is not human or
personal in terms of human or personal characteristics.
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On the problem of invisibility and virtuality, according to Bennett, Deleuze’s
idea of the “virtual” (Seifert, 2008) has a similarity with Foucault’s notion
of the “unthought” (Ramp, 2001).° Accordingly, she states that both thinkers
are “trying to acknowledge a force that, though quite real and powerful, is
intrinsically resistant to representation”. In search of these nonhuman forces
that are by nature not directly accessible to human visual content, Bennett
acknowledges “matter-energy” as the smallest unit of affect for any human or
nonhuman beings. She further develops on an account for the contributions
of nonhuman actants and insinuates the concept of “thing-power” that signals
“the strange ability of ordinary, man-made items to exceed their status as
objects and to manifest traces of independence or aliveness” and brings
forth “an alternative to the object as a way of encountering the nonhuman
world” (2010). She proposes a shift from “a world of nature versus culture”
to “a heterogeneous monism of vibrant bodies” by noting that “encounters
with lively matter can chasten my fantasies of human mastery, highlight the
common materiality of all that is, expose a wider distribution of agency, and
reshape the self and its interests”.

Asking for an intersubjective field, Bennett (2010) calls for Maurice Merleau-
Ponty’s theory of Phenomenology of Perception, which according to her, is
“designed to avoid placing too much weight on human will, intentionality, or
reason” and instead concentrate on the “embodied character of human action”
(pp- 29-30). In opposition to an account of human-centered intentionality, she
emphasizes a theory of distributive agency that does not place a human agency
at the core of an effect, while at the same time “does not deny the existence of
that thrust called intentionality, but it does see it as less definitive of outcomes”.
Bennett affiliates the concept of agency with the terms: efficacy, trajectory, and
causality. Firstly, agency has efficacy that “points to the creativity of agency, to
a capacity to make something new appear or occur”; secondly, it is attached to
the idea of a trajectory, a directionality or movement away from somewhere
even if the toward-which it moves is obscure or even absent. Thirdly it has
causality. She notifies:

“[A]n actant never really acts alone. Its efficacy or agency always depends
on the collaboration, cooperation, or interactive interference of many bodies
and forces. A lot happens to the concept of agency once nonhuman things are

5 According to Manuel De Landa, for Gilles Deleuze, “virtual” is a term for something that is real but not
actual.

6 According to William J. Ramp, “Foucault’s discussion of the unthought illuminates both the question
of intent and that of consequence” by describing “the nineteenth century human sciences as motivated
by a quest for the unthought as the hidden or repressed truth of civilization.”
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figured less as social constructions and more as actors, and once humans
themselves are assessed not as autonoms but as vital materialities.” (p.21)

Bennett’s account of agency is significant in addressing a complex and
distributed form of intentionality which values the contributions of both human
and nonhuman agencies yet argues for a distinct type of human responsibility.
According to Bowden (2015), Bennett’s work is a timely reminder that “overly-
simplistic conceptions of human agency are both descriptively inadequate,
insofar as they tend to overlook the complexity of situations in which human
action is produced” (p.64).

3.3. Concept of action

“[A]ctions are intrinsically directed, or inhabited by the intentions that direct
them, even if the articulation of the content of this intention is inseparable
from the action’s unfolding in the expressive dimension proper to it.” (Taylor,
1983, quoted in Bowden, 2015, p.76)

Werner Rammert (2008), Professor of Sociology and Social Studies of
Technology, problematizes the conventional conception of action associated
closely with the anthropocentric account of human intentionality and reflected
in the master-slave form of a relationship between human, who possesses
action, and his instrument [34]. In this classical definition, action means
“moving the body, making something, showing initiative, bringing about an
alteration by force, and expressing oneself thereby”. Rammert asserts that
the continuation of such a definition of action neglects the nonhuman agency
and leads to an unproductive and incomplete understanding of technological
developments in which massive changes occur in the design of the intelligent
machine, where many agents are included in the creation. Acknowledging the
difference between software agents from human actors, he points out that
these technological agents are also different from the “classical machines and
media” with their respective capacities of being active and interactive (p.63).
Even though they are human made, these technological objects can be called
agents. They are quite peculiar in this sense because they are “equipped with
a feedback mechanism,” therefore, they are fundamentally different from the
previous systems that were completely blind and passive (Rammert, 2008).

To bring forth a productive and sophisticated definition of agency, Rammert
focuses on the concept of action by examining the relationship between humans
and nonhumans. He further points out the significant changes in human-
technology relations that wait to be conceptually revisited and turned into a
field including more active agents and agencies. According to him, one of the
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alterations in the human-technology interface is the shift from “instrumental
causality” to “interactive contingency,” i.e., the shift from the hierarchical
instrumental actions, in which people is the only source of activity, toward
relations of interactivity in which “heterogeneous sources of activities” are
included (p.65). Another change is the fragmentation of action, i.e., delegating
some actions to multiple pro-active and cooperative agents that mimic human
agency and perform parts of the action in the background. As Rammert defines:

“From a technological view, agents are particular computer programs. They
are written with the intention that software agents can execute actions like
human agents. This means that actions are delegated to them. The agents
divide and delegate the action among other agents. They cooperate with one
another, thereby moving, taking the initiative and addressing others.” (p.67)

The last point that Rammert (2008) indicates is the occurrence of hybrid
constellations that emerge from and are made of a hybrid mix of human agency
and advanced technologies, such as machines and programs. Responding
to these changes in human-technology relations, he proposes an account of
agency that includes “different levels of human agency as well as different levels
of technologies in action” (p.65). Therefore, drawing attention to the changing
role of technologies from passive instruments to active agents and mediators,
Rammert suggests replacing the narrow concept of instrumental action with a
broader concept of “inter-agency” that includes “interaction” between human
agency, “intra-activity” between technical agents, and “interactivity” between
human and nonhuman (p.71). Among these three types of agency, interactivity
proposes a cross-relation between the human-nonhuman interface, thereby
proposing the most significant relationship in a heterogenous hybrid setting.

On the notion of intentionality, Rammert criticizes the anthropocentric
account of human intentional agency and states that it is an outcome of “an
efficient strategy of teaching and tradition-building to attribute a thought
act to one author because it reduces cognitive and social complexity” (p.78).
He explains this idea with the act of writing that “arises as a distinct action
because it is sectioned off, retrospectively emphasized, and ascribed to a single
unit, an actor or an author,” i.e., “the very idea” of the product of the act —a
book in this case— is attributed to a single human actor (p.77). Despite the
uniqueness of the act of writing, it never happens as a single action; instead,
it is an externalization of accumulation and connected with many preceding
thought actions of other thinkers and writers. Rammert continues:

“The act of writing interrupts this continuous chain of acts and turns it into
the unique philosophical thought action that changed the world or at least
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the world view. The act of writing the sentence down by one single actor is
emphasized, but both the flux of thought acts before and the sequences of
actions afterwards, such as printing, distributing, reading, teaching and
learning, were put into brackets and neglected.” (p.78)

In opposition to the conventional account of intentionality in which a single
human actor is the source and unit of action, Rammert’s account is significant
as it extends the concept of intentionality with the notions of agency and
action, which now can form hybrid constellations made of heterogeneous units
of agencies with different intensities and conditions.

4. INTENSITY AND CONDITION OF AGENCY

Instead of a flattened concept of agency, Rammert (2008, 2011) considers
distributed agency as a “concept beyond human action and technical means”
and proposes a multi-level model to recognize the action-distribution by “a
hybrid mix of agencies like people, machines and programs” instead of the
dual concept of human action and machine’s operation. In conceptualizing the
condition of intentionality, this part will refer to the discussions of Steven Horst
(1996), a professor of philosophy of mind in cognitive science. In Symbols,
Computation, and Intentionality: A Critique of the Computational Theory
of Mind, he discussed the approach of Kenneth Sayre and John R. Searle on
the human-nonhuman relationship regarding the Computational Theory of
Mind (CTM). Following the present delineation of the theoretical framework
on the conception of intentionality and its augmentation with the concept of
agency and action, the study attempts to visualize a spectrum of intentionality
with respect to Rammert’s multi-level model of agency and Steven Horst’s
conditions as intrinsic and derived intentionality.

4.1. Intensities: Causality, contingency, intentionality

In Rammert’s conceptualization (2008), on the level of causality, there is weak
intentionality based on a performative aspect; in the lowest form, it can be
assigned with a task of selection from pre-selected options, and at the highest,
it may have a capacity to self-generate actions. On the level of contingency,
a capacity to act differently and to choose between options is required.
Contingency here denotes a negotiation of agencies, and an adaptation by a
human as well as a program is expected when there is a change in the course
of things “in such a way that its consequences are not immediately transparent
and accountable to the others” (p.76). Rammert (2008) exemplifies this level
of intentionality with the Turing Machine, where it becomes almost impossible
to detect whether the human or computer agency performs the action. On
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the level of intentionality, an intentional action is expected, and this kind of
agency is allocated to a human intentional agency. Software agents do not have
intrinsic intentional consciousness; however, they can be programmed with
“an intentional vocabulary by which they really coordinate and communicate
their activities as human actors do, with similar semantics” (Rammert, 2008,
p-76). These new semantics require reconsidering human and nonhuman roles
to create a common ground for communication.

4.2. Conditions: Intrinsic and derived intentionality

According to Horst (1996), the two modes that intentionality can be owned
are intrinsic and derived: Human agency has intentional states which have
intrinsic intentionality, and “symbols have it only derivatively”. Intentionality
in computer symbols is “derivative or conceptually dependent because it refers
back to the sense that is applied to cognitive states” (Horst, 1996, p.72). Horst
states that Sayre puts more emphasis on the role of human agency in computers
or “the role that computer users and programmers play in imbuing symbols
in computers with meaning and intentionality” and denies that computers
exhibit any kind of intentionality; on the other hand, Searle admits a kind of
intentionality that is derived from human agency. According to Horst (1996),
“Searle has in mind something like this notion of conceptual dependency of
symbolic intentionality [...] ‘meaningfulness’ and ‘intentionality’ of symbols
in computers is ‘dependent’ upon the intentions of users and programmers.”
(p.72-73) Following Searle, Horst (1996) claims that “an object has derived
intentionality just in case it received or inherited its intentional properties
from another object having intentional properties by way of some causal
connection,” and he records:

“The intentionality of symbols in computers, according to Searle, can be
explained in just the same fashion. Symbols in a computer, like marks on paper
or vocalized sounds, are not intrinsically meaningful. Meaning is imputed to
symbols by some being who has intentional states. [...] In the case of symbols
in computers, it is the designer, programmer, or user. Intentional states have
intentionality intrinsically; symbols have it only derivatively.” (p.64)

Following the discussions, it can be deduced that when the agency becomes a
programmed agency, derived intentionality occurs, as in the case of software
agents that are programmed with an intentional vocabulary. Therefore,
intentionality can be distributed and embedded in nonhuman agencies and
humans, and it may exist at different levels and intensities.
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4.3. Avisualization of intentionality

“[G]genius will be defined as genius not because it is human but rather
because it behaves like a genius.” (Terzidis, 2014, p.60)

Following the present delineation of the theoretical framework on the
conception of intentionality and its augmentation with the concept of agency
and action, the study attempts to visualize a spectrum of intentionality with
respect to Werner Rammert’s multi-level model of agency and Steven Horst’s
conditions as intrinsic and derived intentionality. (Fig. 1) The spectrum aims to
show the relations between levels of intentionality and agency conditions. The
major scale employed here is the intensity of the agency, and the three levels
of gradation are intentionality, contingency, and causality. The second scale is
the condition of agency on whether intentionality is intrinsic or derived.

P intrinsic derived

intelligence

derived
causality
fehineeel

emergence

causelity

.anthropomorphic

human non-human

Figure 1: (Left) Spectrum of intentionality shows the relations between different levels of
intentionality and human-nonhuman agencies. (Right) Multi-layered conceptualization of
intentionality.

Intelligence. On the upper left, there is intrinsic intentionality which could
be defined as the purest and most intense form of intentionality. Intentional
human agency can be placed at this end. The upper right field is derived
intentionality that can be conceptualized as the nonhuman account where
intentionality is strong yet indirect, as it is by nature derived from some human
intentional agency. While machine learning can be exemplified as a relatively
moderate version, Artificial Intelligence (AI) can be stated as the strongest
recognized form of this mode in which the intentionality is distinct yet, derived
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from some human agency and encoded in a new form of an intelligent agency.
In both forms of intentionality, the common generator is either intrinsic or
derived intelligence, which has a great potential to affect other agencies.

Emergence. On the lower part of the scale, the two other modes of
intentionality can be defined with emergence as their common causal property.
The somewhat unpredictable or causal condition questions the relationship
between intentionality and emergence, which, on the surface, appears to be a
polarity or an epistemic opposition. The seemingly opposite yet hermeneutically
related condition of these two concepts makes the investigation more exciting
and urgent to comprehend the current state of human and nonhuman relations
challenged by the computational tools and modes in architecture and design.

On the lower right side, the occurring condition is derived causality which
was previously mentioned as “causally derived intentionality” (Horst, 1996).
Symbols that are used in codes and programs have this kind of intentionality
whose origin of intentionality is derived from a designer or programmer by
way of some causal connection. Searle’s Chinese Room thought experiment
(1980Db) could be an instance of this form of intentionality. According to David
Cole (2015), the simple arguments put forth with the Chinese Room are at “the
service of highlighting the serious problems we face in understanding meaning
and minds.” He indicates:

“The many issues raised by the Chinese Room argument may not be
settled until there is a consensus about the nature of meaning, its relation
to syntax, and about the biological basis of consciousness. There continues
to be significant disagreement about what processes create meaning,
understanding, and consciousness, as well as what can be proven a priori by
thought experiments.”

At the lower left field of the spectrum, an ambiguous condition occurs. A new
form of intentionality is revealed, which can be named intrinsic causality, in
which there is an intrinsic causal mechanism that requires an investigation.
Such intentionality can be claimed to exist in nonhuman natural forces and their
swarm behaviors whose inner mechanisms were previously unknown to us.

5. CONCLUSION

When we consider design intentionality less as a field of contestation between
human designers and the computing machine but as one of negotiation,
different degrees and intensities of intentionality are seen to become visible and
accessible for new and novel ways of design thinking. When the new toolsets
that the computational paradigm entails are introduced into architectural
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design, a new tendency occurs towards exploring these tools’ emergent
properties and generative capacities while simultaneously delegating some
of the design responsibility to them. The interest has been sustained by the
significant expansion in the possibility space of design towards an unknown
and unpredictable world in architecture facilitated by the emergent properties
of these tools. Consequently, a concern for design intentionality has been
suppressed and delayed for a few decades, starting from the 1990s.

After more than two decades of exploration and expertise in these tools,
the euphoria can be said to have dissolved, leaving its place in a remarkable
condition in which we can no longer locate the subject of design but instead
need to find ways to hybridize the potentials of both human and nonhuman
modalities. Such effort necessitates exploration and reconceptualization
of design intentionality to restate and reconcile the subjective and intuitive
faculties with the emergent processes of computational tools by displacing the
anthropocentric account of design intentionality sustained in conventional
design processes. Considering design intentionality as embedded within
computational agents through continuous feedback from designers and
reciprocally, designers’ intentionality as altered and expanded as a reflection
of the emergent outputs from the computational world, this recently forming
discourse on design intentionality in computational architecture does not need
to gravitate towards a stubborn opposition where design intentionality is either
centered in top-down behavior of human-designers through a consciousness
that only they can possess, together with its related notions and reasonings
such as subjectivity, intuition, artistic expression; or is artificially constituted
by the bottom-up generative properties of computational tools and associative
technologies, namely, emergence, evolution, and self-organization.

The study aimed to contribute to the theoretical literature and discourse of
architecture which lacks a meaningful discussion or meticulous research of
the concept on its own terms, mainly because the notion of intentionality is
placed at the hard core of the profession as the dominant approach grounds
itself in recognition of the mastermind of the architect. An inclusive framework
for design intentionality can provide a new perspective on the ethics and
collaboration in computational design.
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Ozet

Gelismekte olan bilgi teknolojileri ile mimarlik, miihendislik ve yapim
sektoriinde Yap: Bilgi Modelleme (YBM) ve Dijital ikiz teknolojilerine olan
ilgi son yillarda artmaktadir. Bu teknolojilerin arastirma ve uygulamalarinin
odaginda, yapi tasariminda yer alan bir¢ok katilimcinin dagimik yapisim
bir araya getirme hedefi ile “birlikte islerlik” konusu bulunmaktadir. Bu
calismada, tasarimdan uygulama siirecine kadar yapiya ait tiim bilginin sayisal
modelinin olusturulmasina ve paylagilmasina imkén saglayan YBM teknolojisi
ile yap1 yasam dongiisii boyunca yapi ve sayisal model arasinda veri aktarimini
saglayan Dijital Ikiz teknolojisi uygulamalarim Birlikte islerlik odaginda elen
alan bilimsel caligmalar incelenmigtir. Calisma kapsaminda, Scopus veri
tabani tizerinden bibliyometrik analiz yontemiyle 2017-2022 yillar1 arasindaki
6 yillik siirece odaklanarak YBM, Dijital ikiz ve Birlikte islerlik konularim
birlikte ele alan bilimsel ¢aligmalar incelenmekte ve mevcut literatiiriin analizi
yapilmaktadir. 6 yillik siirecte YBM, Dijital ikiz ve Birlikte islerlik arastirma
alanlarinin kesisiminde yer alan toplamda 272 adet makale ve konferans
bildirisine erigilmistir. Bilimsel calismalar, yayinlanma tarihlerine gore
degerlendirilen zaman analizi, yayinlandiklar1 kaynaklar ve atif sayilari, anahtar
kelimeler, yayinlandig: iilkeler ve belirlenen konu bagliklar1 gercevesinde
analiz edilmistir. Analiz sonuglari, VOSviewer uygulamasi ve grafik-tablo
araclar1 kullanilarak gorsellestirilmistir. Sonuc olarak YBM ve Dijital ikiz
teknolojilerini Birlikte Islerlik odaginda elen alan bilimsel ¢alismalarin temas
ettigi konularin, ortaya ¢ikan arastirma alanlarinin ve bosluklarin saptanarak
gelecek calismalara 1sik tutulmasi amaclanmistir. Analizler sonucunda 272
adet bilimsel ¢alismanin 134’niin 2022 yilinda yayinlanmis olmasi ile alana
olan ilginin oldukga arttign goriilmektedir. Caligmalarin yap1 performansi
ve bilgi yonetimi alanlarinda yogunlastigi, yonetmelik kontrolii ve maliyet
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tahmini alanlarinda ise olduk¢a az oldugu ortaya c¢ikmistir. Aragtirmanin
sonucunda bu alanlarda Artirilmis Gergeklik teknolojisi ile biitiinlestirilmis
uygulamalarin gelistirilmesine ihtiya¢ bulundugu saptanmistir.

Anahtar Soézciikler: YBM (Yap1 Bilgi Modelleme), Dijital ikiz, Birlikte
islerlik, Bibliyometrik Analiz
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Abstract

Developments in Information Technologies have increased the interest on
Building Information Modeling (BIM) and Digital Twin technologies in the
Architecture, Engineering and Construction (AEC) sector in recent years.
Research and development involving these technologies focus on the issue
of “interoperability” with the aim of enhancing collaboration among the
many participants involved in building design. BIM enables the creation and
sharing of a digital model holding all building information throughout design
and construction processes. Digital Twin technology enables data transfer
between the building and the digital model throughout the building lifecycle.
In this study, research on BIM and Digital Twin applications focused on
Interoperability have been examined. Current literature on BIM, Digital Twin
and Interoperability research is analyzed by focusing on the 6-year period
between 2017 and 2022 with the bibliometric analysis method using the Scopus
database. 272 articles and conference papers have been found. These studies
were analyzed according to their publication dates, the sources they were
published in as well as the number of citations, keywords, originating countries
and the specific subject headings in hopes to guide future research. Analysis
results were visualized using the VOSviewer application and graph-table tools.
As a result, the topics of studies on BIM and Digital Twin technologies which
is focused on Interoperability, emerging research areas, and gaps have been
determined. The analysis shows that the interest in the field has increased
considerably in 2022 by the fact that 134 of 272 research were published in
this year. It has been revealed that the studies are concentrated in the areas of
building performance and information management, while it is quite limited
in the areas of rule checking and cost estimation. Furthermore, applications
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integrated with Augmented Reality technology in these research areas have
received relatively less attention.

Keywords: BIM, Digital Twin, Interoperability, Bibliometric Analysis
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1. GIRIS

Mimarhk ve insaat sektoriinde YBM (Yap: Bilgi Modelleme) ve Dijital Tkiz
konularinin giin gectikce 6n plana ¢ikmaya basladigi goriilmektedir. YBM’nin
mimari projenin tasarimindan, planlama ve uygulanmasina kadar gorev alan
kigilerin birlikte, hizli ve giivenli bir sekilde igleyebilmesi, siire¢ takibinin
kolaylikla yapilabilmesi mimarlik ve ingaat sektoriine sagladigi onemli
katkilardandir. Dijital Ikizin ise yapr yasam dongiisii boyunca sensorler
araciligi ile dijital kopyaya aktarim saglanmasi ve siire¢ takibinin yapilmasi ile
Dijital ikiz uygulamalar1 mimarlik ve insaat sektoriine katki saglamaktadir.

Yap1 Bilgi Modellemesi (YBM - Building Information Modeling/BIM);
mimarlik, miihendislik ve yapim sektorlerinde yapiya ait verinin paydaslar
arasinda paylasimini kolaylastirmak icin gelistirilen bir teknolojidir (Sacks
v.d., 2018). Uc boyutlu modelleme ile planlama, tasarim, yapim ve isletim
gibi yap1 yasam dongiisii siiresince islenebilen, yapinin bi¢imsel 6zelliklerini
ifade etmenin yaninda malzeme, maliyet gibi verilerle birlikte islenebilen, yap1
sektorlindeki paydaslarin ortak kullanimini saglayan birlikte ¢alisma ortami
sunmaktadir. Bilgisayar ortaminda yapinin sanal modelinin olusturulmasi
ve tiim paydaslarin ayn1 modeli kullanabilmesi bilgi akisi ile koordinasyona
ve projeler arasi tutarliliga katki saglamakta, revizyon islemlerini kolay
yapilmasina destek olmaktadir (Ofluoglu, 2014). Manuel islemlere kiyasla
daha fazla kontrol etmeye ve analize olanak tanimaktadir. Projenin tasarim
asamasinda ingaat ve kullanim asamalarinda olusabilecek sorunlarin 6nceden
goriilerek diizeltilmesi, projenin farkli paydaslarin es zamanh calisilmasina
imkan saglamasiyla biitiin olarak ilerlemesi, zaman kaybini, hatay ve ekstra
olusabilecek maliyeti azaltmaya imkan saglamaktadir (Sacks v.d., 2018).

Dijital ikiz (Digital Twin); somut bir nesnenin sanal modelidir. Nesne etrafina
yerlestirilen sensorler vasitasi ile nesnenin performansina yonelik olan
veriler bilgisayar ortamina aktarilarak dijital kopyaya islenmektedir. Verilerle
birlikte sanal model simiilasyonlar1 aracilig: ile olusabilecek sorunlara kars:
ongorii saglanmas1 amaclanmaktadir (IBM, 2022). imalat endiistrisinde
ortaya cikan dijital ikiz, fiziksel ve sanal diinya arasinda somut nesnelerin
verilerinin siirekli iletilmesi ile performansini izlenmesine katk: saglayacag:
diistiniilmektedir (El Saddik, 2018 akt. Khajavi v. d., 2019). Dijital ikiz
teknolojisinde simiilasyon modelleri yapi sistemlerinin problemlerini ¢6zmek
icin kullanilmaktadir (Khajavi v.d., 2019). Insaat sektériinde dijital ikiz, yap:
yasam dongiisii boyunca gorev alan istirakgilerin yaptiklar1 iglemleri kontrol
altinda tutmasina katki saglamaktadir. Yapinin dijital ikizi araciligiyla glinliik
veya saatlik gbzlemlenmesi, yapi yasam dongiisii siiresince verilerin toplanarak
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depolanmasi ve yonetilmesi saglanabilirken yaganabilecek problemlerin erken
tespit edilmesi ile verimin arttirilabilecegi diisiiniilmektedir (Ceylan, 2019).

YBM ve Dijital ikiz teknolojilerinde odak noktasi, dogasi geregi oldukca
daginik olan yapim sektoriinde yer alan farkh paydaslar arasinda birlikte
islerligin saglanabilmesidir. Birlikte Islerlik (Interoperability); ortak hedefler
dogrultusunda, cok tarafli ve farkhi kuruluslar arasinda bilgi ve birikim
paylasimini igeren, taraflara karsilikh yarar saglayan etkilesim kurma
yetenegidir (EIF, 2010). Bilisim teknolojileri aracihigiyla farkli kuruluslara
ait bilgi, uygulama ve hizmetleri arasindaki etkilesimi saglamaktadir (Yazici
ve Ozdemirci, 2019). YBM’de gerekli olan karsilikh veri aktarimu icin birlikte
iglerlik YBM’'nin en temel unsurlarindandir (Fallon ve Palmer, 2007 akt.
Santos, 2010). Proje iizerinde calisan tiim paydaslarin kullandiklar bilgisayar
uygulamalan ile tek veya ¢ift yonlii erisim saglamasi, yap1 yasam dongiisii
boyunca YBM ile veri aktariminin yapilmasi, verilerin yeniden girilmesi yerine
verimli sekilde kullanim saglamasi birlikte islerligin YBM i¢in kilit unsurlardan
oldugunu gostermektedir (Santos, 2010).

Bu calismada mimarlik, miihendislik ve yapim sektoriiniin en giincel
teknolojileri olan YBM, Dijital ikiz konulari ile bu teknolojilerin odaginda yer
alan birlikte islerlik kavramini kapsayan bilimsel aragtirmalar incelenmektedir.
Calisma kapsaminda bu aragtirmalarin temas ettigi konular saptanarak
YBM, Dijital ikiz ve birlikte islerlik konularini birlikte ele alan calismalar ile
ortaya ¢ikan bagliklarin, sorunlarin, avantajlarin, ele alinmamis konularin ve
bosluklarin saptanarak gelecek calismalara 1s1k tutmasi amaglanmaktadir.

2. METODOLOJi

Makale kapsaminda Scopus veri tabam {izerinden bibliyometrik analiz
yontemiyle 2017-2022 yillar1 arasindaki YBM, Dijital ikiz ve Birlikte Islerlik
konularini birlikte ele alan 2017-2022 yillar1 arasinda olusturulan mevcut
literatiiriin analizi yapilmaktadir. Son 6 yillik slirece odaklanarak, bilimsel
cahismalar arasindan Ingilizce makale ve konferans bildirileri yaymlanma
tarihlerine gore degerlendirilen zaman analizi, yayinlandiklari kaynaklar ve atif
sayilari, anahtar kelimeler, yaymlandig iilkeler ve belirlenen konu baglhiklar
cercevesinde analiz edilmistir. Analiz sonuclari, VOSviewer uygulamasi ve
grafik-tablo araclar1 kullanilarak gorsellestirilmistir. YBM ve Dijital ikiz
teknolojilerini Birlikte islerlik odaginda elen alan bilimsel calismalarin temas
ettigi konularin, ortaya ¢ikan arastirma alanlarinin ve bosluklarin saptanarak
gelecek caligsmalara 151k tutulmas: amaclanmistir.

Scopus iizerinden yapilan bibliyometrik analizin 6zeti:
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(ALL(bim) AND ALL(digital twin) AND ALL(interoperability)) AND (
LIMIT-TO ( PUBSTAGE,final” ) ) AND ( LIMIT-TO ( PUBYEAR,2022) OR
LIMIT-TO ( PUBYEAR,2021) OR LIMIT-TO ( PUBYEAR,2020) OR LIMIT-
TO ( PUBYEAR,2019) OR LIMIT-TO ( PUBYEAR,2018) OR LIMIT-TO (
PUBYEAR,2017) ) AND ( LIMIT-TO ( DOCTYPE,”ar” ) OR LIMIT-TO (
DOCTYPE,”cp” ) ) AND ( LIMIT-TO ( LANGUAGE,”English” ) ) AND ( LIMIT-
TO ( SRCTYPE,”” ) OR LIMIT-TO ( SRCTYPE,’p”) )

TANIMLAR
YBM
Dijital Ikiz
Dl iz _ “BIM”
Birlikte Islerli “Digital Twin”

“Interoperability” ‘

Makale ‘

‘ Veri Toplama ‘—-’ Scopus ‘H‘ 2017-2022'—»‘Anahtar Kelimeler‘—-

|

‘ Analiz ‘

‘Konferans Bildirileri‘

Sekil 1: Arastirma Metodolojisi

3. BiBLIYOMETRIK ANALIZ

Bibliyometrik analiz, arastirma calismalarimi belirli filtreler ile ele alarak
aragtirmalarin nicelik ve niteliksel olarak degerlendirilmesine ve ele alinan
konunun gelisimine dair tartisma ortami olusturmasina imkan tanimaktadir
(Yilmaz, 2017 akt. Polat, 2020). Cesitli veri tabanlarinin kullanilarak istatiksel
ve matematiksel yontemlerle analizini kapsamaktadir (Demir ve Erigiic,
2018). Makalede bibliyometrik analiz ile Scopus veri tabani {izerinden 3 alan
kapsaminda (YBM, Dijital ikiz ve Birlikte Islerlik) 2017-2022 yillar1 arasinda
olusturulan mevcut literatiiriin analizinin yapilmasi hedeflenmistir. 3 alana ait
makaleler oran bazinda, zaman analizi, kaynak analizi, anahtar kelime analizi,
iilke ve konu analizi olarak 6 baslk altinda incelenmistir.

XVII. Mimarlikta Sayisal Tasanm Ulusal Sempozyumu 17-20 Haziran 2023, istanbul



DEVINIM.DEGISIM.DONGU 67

3.1. YBM, Dijital ikiz ve Birlikte islerlik Konularini iceren Makale ve
Konferans Bildirilerinin Oranlar

2297

1537 1387

272

YBM-Dijital ikiz YBM-Birlikte islerlik  Birlikte islerlik-Dijital YBM-Dijital ikiz-Birlikte

Konularini igeren Konularini iceren ikiz Konulanini igeren islerlik Konularini
Makale ve Konferans Makale ve Konferans Makale ve Konferans igeren Makale ve
Bildirisi Bildirisi Bildirisi Konferans Bildirisi

Sekil 2: YBM, Dijital ikiz ve Birlikte iglerlik konularini igeren makale ve konferans
bildirilerinin oranlar

2017-2022 yillar arasinda Scopus veri tabaninda yayinlanan YBM, Dijital
Ikiz ve Birlikte Islerlik konularim iceren arastirmalar 198’i makale 74’ii bildiri
olmak iizere toplam 272 adettir. YBM-Dijital ikiz konularim kapsayan 1537
adet, YBM ve Birlikte islerlik konularim kapsayan 2297 adet, Birlikte Islerlik
ve Dijital kiz konularim1 kapsayan 1387 adet makale ve konferans bildirisi
yayimlanmigtir. Aragtirma sonuclar Birlikte iglerlik kavraminin hem YBM
hem de Dijital ikiz calisma alanlarinda oldukga fazla ele alinan bir konu
oldugunu gostermektedir. YBM ve Dijital ikiz konular1 kesisiminde arastirma
caligmalarinin da fazla oldugu goriilmektedir.
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3.2. Zaman Analizi
160

140
120
100
80
60
40

20

5 m
2022 2021 2020 2019 2018 2017

Yillar

® YBM-Dijital ikiz ve Birlikte
islerlik Konularini
Kapsayan Makale ve 134 82 41 11 3 1
Konferans Bildirilerinin
Yilara Gore Dagilimu

Sekil 3: YBM, Dijital ikiz ve Birlikte islerlik konularini kapsayan makale ve konferans
bildirilerinin yillara gore dagilimi

Scopus veri tabaninda YBM, Dijital ikiz ve Birlikte Islerlik konularim kapsayan
2022 y1linda 134 adet makale ve konferans bildirisi yayimlanmig, 2021 yilinda
ise 82 adet, 2019 yilinda 11 adet, 2018 yilinda 3 adet, 2017 yilinda ise 1 adet
yaymmlanmistir. YBM, Dijital Ikiz ve Birlikte Islerlik konulari iceren makale
ve konferans bildirilerinin sayisinda her gecen yil artig oldugu gozlenmektedir.
Sayinin artmasi son yillarda alana duyulan ilginin arttigim gostermektedir.

3.3. Kaynak Analizi

Scopus veri tabaninda YBM, Dijital ikiz ve Birlikte Islerlik konularim kapsayan
makale ve bildirilerin en ¢ok yayimlandig1 kaynaklar ve toplam atif sayilar
Tablo 1°’de gostermektedir. 2017-2022 yillar1 arasinda en cok YBM, Dijital ikiz
ve Birlikte Islerlik konularim kapsayan makaleler Applied Sciences (isvicre)
Dergisi'nde yayimlanmistir.
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Tablo 1: YBM, Dijital ikiz ve Birlikte Islerlik konularini kapsayan makale ve bildirilerin

kaynaklar bazinda dagilimi

Kaynaklar To‘gﬁ:}rliw::;l:l ve Toplam Atf
Advanced Engineering Informatics 4 102
Advances in Transdisciplinary Engineering 2 6
Applied Sciences (Switzerland) 25 495
Automation in Construction 13 184
Building and Environment 4 95
Buildings 19 114
Built Environment 2 63
CEUR Workshop Proceedings 6 0
Computational Intelligence and Neuroscience 2 1
Computers in Industry 2 13
Construction Innovation 4 71
EG-ICE 2020 Proceedings 3 11
Energies 4 54
Engineering, Construction and Architectural Management 2 21
Frontiers in Built Environment 4 7
|EEE Access 5 482
IFAC-PapersOnLine 4 1
ISPRS Archives 8 22
ISPRS Annals 4 10
ISPRS International Journal of Geo-Information 4 87
Journal of Building Engineering 4 64
Journal of Cleaner Production 2 101
Journal of Construction Engineering and Management 4 14l
Journal of Industrial Information Integration 5 114
Journal of Information Technology in Construction 5 123
Journal of Management in Engineering 6 228
ISARC Proceedings 6 2
Remote Sensing 2 34
Sensors (Switzerland) 2 22
Smart and Sustainable Built Environment 3 28
Sustainability (Switzerland) 15 223
Tunnelling and Underground Space Technology 2 107
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3.4. Anahtar Kelime Analizi

Scopus veri tabaninda YBM, Dijital ikiz ve Birlikte islerlik konularim iceren
makale ve konferans bildirilerinin anahtar kelime analizleri yapilmistir.

infrastgucture cyber-physgal systems

casegtudy

> literatuf@ review
facility m@agemeént iteratul@ revies

induggy 4.0

smanKities

digitafisation

virtualireality
i building inforrgation modeling

bigllata
augmented reality blodgghain

internet affghings (1ot)
— lng
artificial int@lligence (a)

machinglearning.

ot
standards Interoperability scangs-bim

collabgration autorgiation
smart building
artificial ifgtelligence gs

parametgic design smatcity industry foundation dlasses (1
built environment
ific

linkedhdata asset management
ontelogy

semanitic web
information management

/'1 YVOSviewer

Sekil 4: 2017-2022 yillari arasi YBM, Dijital ikiz, Birlikte Islerlik alanlarini iceren makale
ve konferans bildirilerinin anahtar kelime analizinin semasi

Sekil 4 VOSviewer kullanilarak olusturulan anahtar kelime analizini
gostermektedir. Sema Scopus veri tabanindan toplanan bibliyografik verilere
dayanmaktadir. VOSviewer iizerinde arama stratejisi olarak tercih edilen
anahtar kelimeler iizerinden sema olusturulmustur. 934 anahtar kelime
analiz edilmistir. Bir anahtar kelimenin minimum kullanim sayis1 4 olarak
ayarlanmistir. 934 anahtar kelime arasindan esik degerini 50 adet anahtar
kelime agmigtir. Bir anahtar kiimenin rengi, anahtar kelimenin ait oldugu
kiimeyi ifade etmektedir. Anahtar kelimeler rengine gore 5 ayri sekilde
kiimelenmistir. Daireler ve etiketler anahtar kelimeleri temsil etmektedir.
Anahtar kelimenin kullanim yogunlugu dairenin boyutu ile ifade edilmistir.
Anahtar kelimelerin birlikte olusum baglantilar1 (co-occurrence links)
agisindan iligkileri birakilan mesafe ile temsil edilmistir. Anahtar kelimeler
arasindaki iligki giicliiyse yakin konumlanmistir, zayifsa uzak konumlanmistir
(Oztiirk, 2020).
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3.5. Ulke Analizi

45

40
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® YBM-Dijital ikiz ve Birlikte
islerlik Konularin1
Kapsayan Makalelerin
Ulkelere Gére Dagilimi

10

Birlesik Krallik
Cin

italya

ABD

Kanada
Hollanda
Isveg

Giiney Kore
Avusturya
Hong Kong
Malezya
Yeni Zelanda
Finlandiya
Portekiz

Sekil 5. YBM, dijital ikiz ve birlikte islerlik konularini kapsayan makalelerin ilkelere gére
dagilimi

Scopus veri tabaninda YBM, Dijital ikiz ve Birlikte islerlik konularim iceren
makalelerin yazildig: iilkeler ve yazilan makale sayilari incelenmistir. 2017-
2022 yillar1 arasinda Scopus lizerinde yayimladig1 42 makale ile en ¢ok Birlesik
Krallik ardindan Cin, Avustralya, italya ve ABD iilkeleri gelmektedir. Tiirkiye'de
ise 2017-2022 yillar1 arasinda 3 konuyu kapsayan 6 makale yayimlanmistir.

3.6. Konu Analizi

Yer ve Gezegen D;/gger
Kimya Bilimleri ?
Muhendisligi %3,7 \
%3,9 \ y Mihendislik
AR %30,4
Isletme, Yonetim \
ve Muhasebe ¢ A
%4 ;
Malzeme Bilimi
%5,6
Fizik ve
Astronomi
%5,7 Bilgisayar Bilimi
Cevre Bilimi/ | %18,7
%6,2 Sosyal Bilimler

%8,8

Sekil 6. Arastirmalarin katki sagladigi alanlar
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Scopus veri tabaninda YBM, Dijital ikiz ve Birlikte islerlik konularim iceren
makale ve konferans bildirilerinin katk: sagladig: alanlar incelenmistir. %30,4
ile miihendislik alaninda ardindan bilgisayar bilimi alanina temas eden makale
ve konferans bildirisi yayimlanmigtir.

Tablo 2. Arastirmalarin katki sagladigi alanlar

Konu Alani 2022 | 2021 2020 | 2019 | 2018 | 2017 | TOPLAM

IFC 8 | # 13 4 2 1 109

Semantic BIM & Ontology 31 29 8 ) 70
(Collalgtt)):gtiil:/% g[vairrglr?rrnents) 37 27 12 6 82
(Knowledge &? illr?fiorrfrng?igrr?"l\llanagement) 8 49 22 4 1 164
vy Prmares B | s | | 4 128
(sSuu?l:rU]Lebkl)le‘ légr?grm;cn:) 69 39 20 4 132
(Bu\i(le(lﬁlng gg?frg??nnasnlce) 85 50 32 5 172
(Ruéocnrt]reoc‘kvxﬁgs Ensdtimiaarrds) 8 4 6 18
Y?Mh?llggr?eyﬁél)a ' 61 42 18 3 2 126
Y(BBI\IAMGzzEp?igrne)Ci 53 30 15 3 101
(ﬁfgrgnptr“o'felggﬁg) 18 1 12 4 45
(L;:é?sgﬁmg) 26 | 14 6 1 a7

AR uygulamalar o i 1

(AR-based framework/application)

(S(;alfjgteynl‘\}ll;:aogeertr:?rlt) 58 | 3 16 3 2 110
(Bui\dingBli\slgntlﬁgzemﬂg‘.t \;eng ?\;!?r:tenance) 64 4 15 4 1 125
St s 28 |5 |2 3
(o it 7ol | 7| 7
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Scopus veri tabaninda 2017-2022 yillar1 arasinda yayimlanan YBM, Dijital Tkiz
ve Birlikte Islerlik konularm iceren makale ve konferans bildirilerinin belirlenen
konular1 icerme diizeyleri ve yillar icinde gosterdigi degisiklikler Tablo 2’de
belirtilmistir. IFC, Semantic BIM & Ontology, isbirlik¢i Ortamlar (Collaborative
Environments), Bilgi Yonetimi (Knowledge & Information Management),
Enerji Performansi (Energy Performance), Siirdiiriilebilir Performans
(Sustainable Performance), Yap1 Performansi (Building Performance), Kontrol
ve Standartlar (Rule Checking & Standards), YBM nin Faydalar1 (BIM Benefits),
YBM Gegcis Siireci (BIM Adoption), Goriintii isleme (Image Processing),
Lazer Tarama (Laser Scanning), Artirllmig Gerceklik (AG) uygulamalar1 (AR-
based framework/application), Giivenlik YoOnetimi (Safety Management),
Bina Yonetimi ve Bakimi (Building Management and Maintenance), Program
Yonetimi (Schedule Management), Maliyet Tahmini (Cost Estimation) konu
basliklar i¢in R. Santos, A. A. Costa ve A. Grilo'nun hazirladig1 Bibliometric
Analysis And Review Of Building Information Modelling Literature Published
Between 2005 And 2015 baglikli makaleden faydalanilmistir. Tablo 2’de
gosterildigi gibi 2017 ile 2022 yillan arasina bakildiginda tiim alanlarda 2022
yilina dogru yayimlanan makale ve bildiri sayis1 artmistir.

200
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Sekil 7. YBM-dijital ikiz ve birlikte islerlik konularini ele alan bilimsel ¢alismalarin katki
sagladigi diger arastirma alanlari

17-20 Haziran 2023, istanbul XVII. Mimarlikta Sayisal Tasanm Ulusal Sempozyumu



74 MSTAS 2023

Sekil 7. incelendiginde Scopus veri tabaninda 2017 ile 2022 yillar arasina
YBM, Dijital ikiz ve Birlikte islerlik konulari ile birlikte en cok yap1 performansi
(building performance) ve bilgi yonetimi (knowledge & 1nformation
management) konular lizerine yayimlar yapildig1 goriilmektedir. En az ise
AG uygulamalar1 (AR-based framework/application) ve yonetmelik kontrolii
ve standartlar (rule checking & standards) konular ile birlikte g¢aligmalar
yapilmistir. Bu baglamda gelecek arastirmalarin, AG uygulamalari (AR-based
framework/application), yonetmelik kontrolii ve standartlar (rule checking &
standards), zaman yonetimi (schedule management) ve maliyet tahmini (cost
estimation) alanlarina odaklanmasi beklenmektedir.

4. SONUCLAR

YBM ve Dijital ikiz teknolojileri mimarlik, miihendislik ve yapim sektoriine
yap1 yasam dongiisii boyunca tasarimdan uygulama siirecine kadar takibin
kolaylikla yapilabilmesi, yapida karsilagilabilecek bir probleme kars:i revize
islemlerinin hizlica ¢6ziimlenmesi, yapi1 hakkinda verilerin kaydedilmesi
gibi pek cok konuda katki saglamaktadir. YBM ve Dijital ikiz teknolojisi
aragtirmalarinda temel konu sektérde yer alan paydaslar arasinda birlikte
iglerligin saglanabilmesi olarak karsimiza ¢ikmaktadir.

Bu ¢alismada bibliyometrik analiz yontemi ile Scopus veri tabani {izerinden
3 alan kapsaminda (YBM, Dijital kiz ve Birlikte Islerlik) 2017-2022 yillart
arasinda yaymlanan ingilizce makale ve konferans bildirileri, zaman analizi,
yaymlandiklar1 kaynaklar ve atif sayilari, anahtar kelimeler, yayinlandig:
iilke ve belirlenen konu baslhiklar1 cercevesinde analiz edilmigtir. Analizler
sonucu 198 adet makale ve 74 adet konferans bildirisi ile {i¢ alan1 kapsayan
makalelerin konferans bildirilerine oranla daha fazla oldugu goriilmektedir.
Zaman analizi incelendiginde son 6 yil icerisinde 3 konuyu kapsayan en
fazla makale ve konferans bildirisi toplam 134 adet olarak ile 2022 yilinda
yayimlanmigtir. 3 konuyu kapsayan calismalarin yakin doneme dogru arttigi
saptanmigtir. Kaynak analizi incelendiginde 2017-2022 yillar arasinda en ¢ok
YBM, Dijital ikiz ve Birlikte Islerlik konularini kapsayan makaleler Applied
Sciences (Isvicre) Dergisi'nde yayimlanmustir. Bu yillar arasinda dergide
toplamda 25 adet makale yayimlanmistir ve toplamda 495 adet atif yapilmistir.
Ulke analizi incelendiginde ise Scopus iizerinde yayinladigi 42 makale ve
konferans bildirisi ile en cok Birlesik Krallik ardindan Cin, Avustralya, Italya
ve ABD yayim yapmugtir. Tiirkiye ise 2017-2022 yillar arasinda 3 konuyu
kapsayan 6 adet makale ve konferans bildirisi yayinlamistir. Arastirma sonucu
makale ve konferans bildirilerinin %30,4 oraninda miithendislik alanina, %18,7
bilgisayar bilimi alanina katki sagladig1 goriilmektedir. 3 konuyu kapsayan
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makale ve konferans bildirilerinin degindigi konular incelendiginde en fazla
yap1 performansi (building performance) ve bilgi yonetimi (knowledge &
information management) alanlarinda arastirma yapildigi, AR uygulamalari
(ar-based framework/application), kontrol ve standartlar (rule checking &
standards), program yonetimi (schedule management) ve maliyet tahmini (cost
estimation) alanlarinda arastirmalarin daha az oldugu, gelecek ¢alismalarda
bu alanlara daha fazla yogunlagilmasi gerektigi sdylenebilir.
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Circular Buyukada:
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Abstract

Circular economy is a sustainable design concept that aims to use resources in
amore regenerative and restorative way. It promotes the reuse, refurbishment,
and recycling of materials to reduce waste and increase the longevity of
products. Circular economy principles can be applied from the material to the
urban scale, and can help architects and urban planners design more adaptable
and sustainable buildings and cities. A circular city aims to eliminate waste,
optimize resources, and promote environmental quality, economic prosperity,
and social equity. The presented study explores implementation of circular
economy concepts in built environment on urban scale in urban design studio
(“Circular Island: Buyukada”) education setting, which is the first part of
a year long, urban+architecture design MArch graduate studio. The studio
aims to build awareness of the state-of-the-art research on circular and digital
transformation in architectural design and production. The studio applies a
design by research method to address the specific types of knowledge research
needed for circular design and enabling digital technologies that can transform
theoretical circular economy principles into feasible and practical activities. In
the studio, students conducted a literature review on the concept of circular
economy and its relevance to urbanism, architecture, and construction fields.
They were then divided into six working groups, with the first group, Circular
Buyukada, tasked with adapting circular economy principles to the scale of
an island and developing strategies for implementation through analysis.
Subsequently, all other groups related the concept of circularity to their own
research areas based on the analyses and strategies identified by the first
group. Two examples from the group works, Circular Island-Material Hub
and Island Gardening-Flower Hub, are elaborated in the article: Material Hub
is a generator for collecting, storing, and managing materials by using and
sharing materials efficiently, transforming the economy, converting spaces,
and enhancing cultural and local production. Island Gardening uses endemic
flowers and the existing garden culture of Biiyiikada to provide inhabitants
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with local products and related events. It uses organic materials and composts
them to produce fertilizer for the production process. Doing that enhances the
production and consumption process.

Keywords: Circular economy, Sustainable design, Urban scale, Design
research, Design studio
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Dongusel Buyukada:

Donglsel & Dijital Donustumler
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Ozet

Dongiisel ekonomi, kaynaklarin daha yenilenebilir ve restoratif bir sekilde
kullanilmasini hedefleyen siirdiiriilebilir bir tasarim kavramidir. Malzemelerin
yeniden kullanimi, yenilenmesi ve geri doniisiimii tesvik edilerek atiklarin
azaltilmasi ve {irlinlerin 6mriiniin artirllmas1 amagclanir. Dongilisel ekonomi
prensipleri malzemeden kentsel Olcege kadar uygulanabilir ve mimarlar
ile kentsel plancilarin daha uyumlu ve siirdiiriilebilir binalar ve sehirler
tasarlamalarina yardimei olabilir. Kent olceginden bakildiginda dongiisel
sehir, atig1 ortadan kaldirmayi, kaynaklari optimize etmeyi ve cevresel kaliteyi,
ekonomik refahi ve sosyal adaleti tesvik etmeyi amaclar. Bu baglamda sunulan
calisma, “Circular Island: Biiyiikada” isimli kentsel tasarim stiidyosunda, yapil
cevre lizerine dongiisel ekonomi kavramlarinin uygulanmasini incelemektedir.
Bu stiidyo, ITU Mimarlk Tezsiz Yiiksek Lisans Programi kapsaminda, mimari
tasarim ve liretimde dongiisel ve dijital doniisiim {izerine yapilan bir yillik
stiidyo siirecinin ilk boliimiinii olusturmaktadir. Stiidyo, teorik dongiisel
ekonomi prensiplerinin uygulanabilir ve pratik faaliyetlere doniistiiriillmesi
i¢in gereken belirli bilgi arastirmalarini ele almak iizere bir arastirma yontemi
olan “arastirma ile tasarim” yontemini uygulamaktadir. Stiidyo siirecinde,
ogrenciler dongiisel ekonomi kavramini ve kavramin kentsel tasarim, mimarlhk
ve ingaat alanlariyla olan iligkisini literatiir taramas1 yaparak incelemiglerdir.
Ardindan, Circular Buyukada adl ilk grup, dongiisel ekonomi prensiplerini
ada Olgegine adapte etmek ve analiz yoluyla uygulama stratejileri gelistirmekle
gorevlendirilmistir. ilk grup tarafindan belirlenen analizler ve stratejilere
dayanarak, diger tiim gruplar kendi arastirma alanlariyla dongiisellik
kavramini iligkilendirmislerdir. Makalede, grup calismalarindan Circular
Island-Material Hub ve Island Gardening-Flower Hub olmak iizere iki 6rnek
detaylandirilmistir: Material Hub, malzemeleri verimli kullanarak toplama,
depolama ve yonetme icin bir diizenleyicidir. Bylece mekénlar ve ekonomiyi
doniistiirir, kiiltiirel ve yerel tiretimi arttirir. Flower Hub ise, endemik cicekleri
ve Biiylikada'nin mevcut bahge kiiltiiriinii kullanarak yerli iiriinler ve iiriinlerle
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iligkilenen etkinlikleri sunar. Organik malzemeler kullanir ve bunlar giibre
iiretmek i¢in kompostlar. Bu, liretim ve tiiketim siirecini artirir.

Anahtar Kelimeler: Dongilisel ekonomi, Siirdiiriilebilir tasarim, Kentsel
Olcek, Tasarim arastirmasi, Tasarim stiidyosu
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1. INTRODUCTION

Circular Economy is a design-led concept that focuses on finding ways to
use materials and resources in a more sustainable way. It is restorative and
regenerative by design. It eliminates waste, keeps products and materials in
use throughout their product lifecycle and regenerates natural systems. Such
an approach is dependent on systems designed with a focus on reuse, repair,
refurbishment and (when a product can no longer be of use) recycling. One
of the key aspects of a circular economy is the idea of changing the way we
design and produce products. It takes its root in “cradle to cradle” design
philosophy (McDonough, 2002). Instead of using materials in a linear, one-
time-use process, a circular economy emphasizes the need to design products
considering their life cycle that can throughout their life be repurposed and
reused.

Circular economy is a new production and consumption model that ensures
sustainable growth over time. It aims to foster architecture professionals to
become more responsive to the current environmental, social, and political
realities; as it leads to a shift towards sustainable and circular design, the use
of recycled and repurposed materials, and the focus on designing buildings
that are adaptable and can be easily repurposed. This paradigm shift urges
architects to think about cities and architecture as integrated, flexible, dynamic,
systems that can adapt to changing conditions and have prolonged life span.

Cities are already setting the groundwork for circular economy strategies. The
ones that transform their economy towards circular ones are implementing
policies regulating resources, products, and waste management. In this
transition, there is a strong focus on self-sufficiency in terms of energy and food
production and community involvement in which the participatory process is
capitalized. This is one of the key steps in developing a circular economy.

One of the successful implementations of the community-driven Project
is Schoonschip (Cutieru, 2023), an innovative circular neighbourhood in
Amsterdam. The open-source Project, features decentralized and sustainable
energy, water and waste systems. A smart grid of solar panels helps residents
trade energy among themselves while water treatment technologies retrieve
energy and nutrients from wastewater.

Another successful community-driven project that promotes circularity is
“City of Vienna: House Sharing in urban areas as a Tool for social inclusion”
(Schlotter, 2023). The aim of the project is to take care of the needs of young
and elderly people alike in Vienna. There is no simple and systematic way
to bring together the empty living space and the people looking for housing.
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This project changes the way use our homes based on the needs of different
generations: young people are moving into elderly people’s houses or into an
empty room in a retirement home. Elderly people can reduce their housing
costs, get someone to keep them company and give them a helping hand in
managing the household. Young people are benefitting from low rents and
the life experience of an elderly person. The Project address the huge problem
of social isolation in current high technological developed cities. It generates
solutions for flatmates to live together and share their lives.

The principles of circular economy that lead towards optimization of resources,
reduction of the consumption of raw materials, and recovery of waste are
applicable from urban to material scale. On an urban scale, a circular city
embeds the principles of a circular economy across all its functions, establishing
an urban system that is regenerative. These principles enhance environmental
quality, economic prosperity and social equity. Circular cities aim to eliminate
the concept of waste, keep assets at their highest value at all times, and are
enabled by digital technology.

The presented study explores the implementation of circular economy
concepts in the built environment on an urban scale in the urban design studio
(“Circular Island: Buyukada”) education setting, which is the first part of a
year-long, urban+architecture design MArch graduate studio. MArch studio
aims to build awareness of the state-of-the-art research “circular and digital
transformation in architectural design and production”. It is composed of two
parts: Fall 2021, “Circular Island: Buyukada” and Spring 2022, “Senior Living
Complex in Biiyiikada: Circular Approaches in Architecture Scale”.

2. METHODOLOGY AND STRUCTURE

Design by research method (Given, 2008) that addresses the specific types
of knowledge research, in existing cases (circular design and enabling digital
technologies (Liu et al., 2022) that can transform theoretical circular economy
principles into feasible and practical activities) and its instrumentation is
applied in the studio. The knowledge coming out of conducted research is
conceptualized and made operational within urban and architectural design
processes.

During the studio process, all students first conducted a literature review on
the concept of circular economy and its relevance to urbanism, architecture,
and construction fields. Then they were divided into six working groups. The
first group, named Circular Buyukada, conducted research on adapting circular
economy principles to the scale of an island and turning them into strategies

XVII. Mimarlikta Sayisal Tasanm Ulusal Sempozyumu 17-20 Haziran 2023, istanbul



DEVINIM.DEGISIM.DONGU 83

in the context of the island by conducting analyses. After this research, all
groups related circularity to their own research areas based on the analyses
and strategies identified by the first group.

3. OUTCOME OF RESEARCH

Step 1: Extraction of Circular Urban Design Principles

The Prince’s Islands, a group of nine islands situated in the Sea of Marmara
near Istanbul, have a rich history as a place of refuge and isolation from the
mainland, with a multicultural community on the largest island, Biiyiikada.
Biiyiikada’s unique culture and way of life have been shaped by its isolation
from the mainland, and the island’s thriving community attracts both locals
and visitors who enjoy its peaceful atmosphere and natural surroundings.

However, Biiyiikada and the other islands are under pressure from factors, such as
uncontrolled tourist flow, high carbon emissions, unsustainable use of materials,
and the ageing island in recent years. Therefore, Circular Biiyiikada group first
tried to find the reasons behind these problems and problematized linear society,
linear economy and linear connection notions. After this step, they translated the
principles of circular economy, including regenerative design (encourages the
development of products and systems that are designed to be reused, repaired,
or recycled, reducing the need for new resources and minimizing waste)
(Geissdoerfer et al., 2017), closing loops (emphasizes the importance of creating
a closed-loop system where waste is treated as a valuable resource and utilized
to its fullest potential) (Korhonen et al., 2018), and collaborative consumption
(encourages the sharing of resources and promotes a shift from a consumption-
focused culture to a more sustainable and collaborative one) (Bocken, 2014) into
urban design principles for the island. These principles are formed in two base
models: Circular vision and circular society.

According to these models, Biiyiikada should adopt both a circular vision
and circular society that redefines its connection with Istanbul through the
principles of utilizing local resources and implementing a circular material flow
for sustainability, research, productivity, and cultural preservation, designing
products for durability and repairability, promoting the reuse and refurbishment
of materials, and implementing waste collection and processing systems. Digital
Technologies (DT) are enablers of CE strategies. In order to make operational
these strategies, cities should apply various DTs (big data, artificial intelligence
(AI), blockchain and the Internet of Things (IoT) of Industry 4.0 across the
entire city ecosystem to operationalize CE-related strategies.
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Step 2: Instrumentation of Design Principles / Models

After circular island urban design principles are defined by Circular Biiyiikada
group, all groups made these principles operational by integrating them into
their study and formed group strategies:

Circular Biiyiikada group defines a new material language, Material Hub, for
collecting, storing, and managing materials by using and sharing materials
efficiently, transforming the economy, converting spaces, and enhancing
cultural and local production (Figure 1).

Reviving by populating group takes on a role that attracts young people by
transforming the local economy through new business models as a response to
the ageing island and tourism. They create an economic prosperity strategy by
reusing, refurbishing, and repairing the materials and spaces with the help of
new housing strategies and new businesses.

Gastrocircle group makes a gastronomic route for Biiyiikada by proposing
using local agricultural products and festivals. They reduce the effect of the
tourism-based economy by proposing to use local agricultural products and
festivals for the island.

Island Gardening uses endemic flowers and the existing garden culture of
Biiyiikada to provide inhabitants with local products and related events. It uses
organic materials and composts them to produce fertilizer for the production
process. Doing that enhances the production and consumption process.

Active Open Spaces group has the strategy of converting the same spaces
for different activities by using changeable structures and using recyclable
materials. They do not only make a connection to the principles such as
reusing, and refurbishing the materials but also rethinking to define various
activities for the limited spaces of Biiyiikada.

The Biiyiikada App group takes the digital part, making the island digitally
experiential and clustering the needs of a circular approach in a digital mobile
application. It focuses on reusing and reducing principles by displaying the
materials and products on the app.
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Figure 1. New material Language and Circular Design Strategies of Circular Blylikada
Group

Two examples from the group work, Circular Island-Material Hub and Island
Gardening-Flower Hub, are chosen for the article, in order to be able to
elaborate the issue of circularity in MArch Graduate Studio.

3.2.1. Circular Island-Material Hub

The study on the circular material flow on Biiylikada island is essential to
gain an understanding of its current state and determine areas for potential
improvement. In order to achieve this, a material language has been developed
to categorize the different materials on the island based on their unique
qualities.

3.2.1.1. Analysis of The Material Language and Circular Economy
Strategies on Biiyiikada Materials

The four main categories have been identified: building materials/materials
of daily use/organic materials/tools and used materials. These categories can
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be interconnected to unlock the potential of materials, such as sharing and
reusing them, which can help identify gaps in circularity and create strategies to
improve material flow. By examining the existing material flows on the island,
opportunities for improvement can be identified, leading to the development
of a more sustainable approach to managing materials.

Drawing on the material language categorization of Biiyiikada, various
circular economy strategies can be devised. A circular vision must prioritize
utilizing materials in extended cycles, reintroducing products through repair,
refurbishment, and conversion, recycling materials to create new products,
and minimizing consumption through resource sharing and sustainable
product creation.

To actualize this vision, recycling strategies and sustainable practices such as
sharing and promoting the production of durable, long-lasting products can be
implemented on Biiyiikada.

3.2.1.2. The New Material Language

Following the analysis of the material flow on the island, a new perspective
was required to explore the potential of the materials. These strategies were
developed not only to align with the principles of a circular society but also to
leverage the potential of the materials identified on the island. By connecting
materials and strategies, a comprehensive approach to the materials on
Biiyiikada can be established, with the aim of addressing existing gaps in the
system.

a. The Material Hub

The Material Hub is a key element in the strategy to make Biiylikada more
sustainable and self-sufficient. By creating a central platform for collecting,
storing, and managing materials, the material hub will allow for the efficient
use and reuse of resources on the island, thereby reducing waste and
supporting local production and economic development. The technical process
of recovering materials will involve sorting, cleaning, and repairing them so
that they can be used again in new projects. The recovered materials will then
be stored in a material bank, which will make them available to residents and
businesses on the island for their own projects. Moreover, the material hub will
also provide digital access to these materials, making it a valuable resource for
anyone working on projects on Biiylikada.
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Material Flow of Building Materials

The building material flow refers to the process of sourcing, storing, sorting,
and utilizing materials in construction projects (Figure 2). It plays a vital role in
the circular economy, which aims to reduce waste and optimize resource usage.
The process begins with the identification of locally available and sustainable
materials, which are then stored until needed for construction. The materials are
then used in the project, either in building new structures or repurposing them
for other uses, with the goal of maximizing their usage and minimizing waste.

Refurbishment

Building

Design

Sourcing Material Sort & Store Material Process Methodology Reconstruction

Figure 2. Material Flow of Building Materials

Sourcing Material

The island of Biiylikada possesses significant material resources in the form
of its ruins and empty buildings. In order to make the most of these available
resources, a deconstruction strategy has been proposed. This strategy involves
the identification and separation of building structures and their materials,
which can then be brought to the material hub for further processing.

At the material hub, machines and workers can disassemble and sort the
materials, which are then catalogued and stored for future use. This process
allows for the maximization of material use and reduces waste in the
construction industry on the island. By implementing this strategy, Biiylikada
can make use of its existing resources and contribute to a more sustainable and
circular economy.
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Storage of Materials in The Material Hub

The material hub itself is located at the already existing storage space in the
east of the island at the logistic harbour. In a restructured approach the hub
provides enough space for material storage either outside or inside. Besides
its storage capabilities, it allows combining productive areas for the material
process with public areas the opposite of the Islands’ Museum to create a
visible production process from outside.

Coordination with “Biiyiikada App”

The material hub as a section, inside the “Biiyiikada App”, offers a digital
catalogue with a wide range of materials, from building materials to everyday
items, which can be easily accessed and searched. As a result, the material hub
serves as a one-stop shop for anyone in need of high-quality materials, whether
they are construction professionals, DIY enthusiasts, or individuals looking for
everyday items.

Processing Materials from the Material Hub

The concept of a circular economy involves creating products and systems that
prioritize the reuse and repurposing of materials in order to reduce waste and
minimize natural resource consumption. This stands in contrast to traditional
economies, where many products and materials are discarded after a single
use, resulting in negative environmental and social impacts. In a circular
economy, the focus is on reimagining the design and production of products
so that materials can be repurposed and reused. This might include involving
local craftsmen in refurbishing complex building parts or exploring ways to
extend the lifespan of materials used in construction processes. By adopting
a circular approach that recognizes the full potential of materials and works
to preserve and reuse them, we can take meaningful steps towards creating a
more sustainable and circular economy.

Reconstruction

The role of buildings in a circular economy is paramount to promoting
sustainability and reducing waste. Circular buildings must be adaptable,
durable, and designed for multiple uses rather than a single-use approach.
In Biiyiikada, this translates to maximizing the use of building materials by
repurposing them creatively, integrating different construction sites, and
collaborating with other industries to transform and repurpose materials. This
approach enables the more efficient and sustainable use of building materials
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on Biiyiikada, supporting material circulation and reducing waste. As a result,
buildings on the island will be flexible and dynamic, capable of adapting to
changing needs over time.

b. Sharing Society

The sharing society strategy focuses on creating both digital and physical
platforms that can facilitate the efficient sharing of resources on Biiyiikada.
These platforms may include online websites or mobile apps that allow people
to easily access and share resources, such as tools or meals. The overall aim
of this strategy is to encourage sustainable consumption and production on
the island by increasing the usage and value of products, which can reduce
waste and the need to purchase new items. This approach also emphasizes the
importance of collaborative production and building a sense of community,
which can support the development of new skills and knowledge.

c. Transformative Economy

The economic approach advocated in this strategy highlights the need to move
beyond the traditional focus on economic growth towards a more sustainable
and transformative economy. To achieve this, low-threshold projects that
prioritize repairing and converting existing products over consuming new ones
should be prioritized. Furthermore, creating knowledge and awareness about
the benefits of a circular economy, where waste is minimized and resources are
conserved, is crucial.

To support this approach, the strategy suggests the use of micro-factories on
Biiylikada. These factories would simplify the production process in a circular
economy, generating resources from waste and using digital fabrication
methods to reuse them. This would provide opportunities for new business
models and help to make the most of the limited space on the island. By
implementing this approach, the goal is to create a more sustainable and
efficient economy that supports the long-term development of Biiyiikada.

d. Converting Space and Materials

The proposed strategy aims to leverage materials and collaboration to create
new opportunities on the island of Biiyiitkada. By exploring the potential of
materials and experimenting with innovative ways to use them, the strategy
seeks to foster new ideas connected to the local culture, events, and social
projects. One way to implement this approach is to convert existing spaces
into showcases that highlight the potential of materials through exhibitions,
workshops, and events.
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Additionally, the strategy emphasizes an inclusive approach that encourages
everyone on the island to participate in the process of converting and reusing
local resources. Creating spaces for exchange and cooperation can promote
community and collaboration, enabling people to work together to address
common challenges. Ultimately, the goal is to promote a circular society that
is sustainable, resource-efficient, and conducive to long-term development on
Biiyiikada.

e. Produce Locally and Collectively

In the spatial connection aspect of the strategy, it is essential to acknowledge
and embrace the cultural aspects and local production of Biiyiikada to
effectively close the gaps in the circular economy. This requires emphasizing
the culture and potential for circularity of Biiyiikada. An effective way to do
this is through the use of open spaces that showcase the island’s culture and
local production via various events such as exhibitions, workshops, and other
related events. Moreover, it is crucial to link the island’s culture and local
production to new ideas and innovations generated from the strategy. This
can be achieved through the integration of cultural elements into the design of
new spaces or by highlighting local production within the context of circularity.
Ultimately, the strategy aims to leverage the potential of the island’s culture
and local production to advance the development of a circular economy.

3.2.2 Island Gardening-Flower Hub

3.2.2.3. Introduction to the Ecological Problems of Biiyiikada

Biiyiikada’s recent history shows that there were few multi-family buildings
erected before 1950 to manage the density of the island’s population. As
population density rose after the 1950s, so did the number of multi-family
housing. As a result, unoccupied areas were progressively opened up for
construction, causing significant harm to the island’s ecosystem and wildlife.
The increased population of the island (tourist+resident) poses below threats:

« Environmental pollution,

« Losing flora due to pollution and deterioration of ecological balance,
« Danger of fire due to the increased tourist population,

« Change and differentiation of vegetation,

« Deterioration in water quality,

« Water and Wastewater management (sewage etc. water),

« Solid waste management (garbage etc.).
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3.2.2.4. Island Gardening System

The group’s main design proposal is an island gardening system. This system
is designed to overcome ecological, economic, and tourism problems by
introducing a sustainable and circular method. The island gardening system
consists of three sub-systems: The Buyukada Flower Hub, where the majority
of operations such as harvesting and fertilizing are managed. Island Gardening
is in charge of overseeing gardening and educational operations. The Product
Atelier monitors production and sales.

The main purpose of island gardening is to introduce a system that helps local
people in Buyukada, to participate in gardening programs where gardening
education and training is provided. The local people not only participate in
gardening education but also, are part of the production of island souvenirs,
which is a chance for them to improve their economy.

Biiyiikada Flower Hub

Biiylikada Flower Hub is located next to the material bank defined by the
Circular Buyukada group (Figure 3). The first service offered by the Buyukada
flower hub is the seed bank. The seeds are distributed from the seed bank to the
island gardens, workshops, and common housing in each district. Following the
planting of the seed, harvesting and product collecting are offered. The flower
hub also serves as the location for fertilizing using recycled organic resources.

Collection

Implementation Process Monitoring

Seed Bank

Figure 3. Blylkada Flower Hub Sub-Systems
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The Flower Hub offers process monitoring as a service; such as the maintenance
of the plots, the timing of planting and harvesting, creating the harvesting
calendar for each plant and choosing the best locations for plantations
according to the flowering times and ecological characteristics.

The Flower Hub also offers maintenance services for island gardens, product
ateliers and implementation of flower plantations. The management of activities
held in island gardens and workshops are managed by the maintenance service.
The implementation of the plantation aims to restore the traditional Biiyiikada
garden flower plants. Several pilot areas are identified such as the gardens and
fences of homes, squares, key streets, and ports. Endemic flowers are planted
in these locations.

Island Gardening

Island gardening is in charge of dealing with issues like planting, harvesting and
education. Locals may learn and advance their gardening at workshops, while
people without gardens may participate in gardening activities in community
gardens. The Island Gardening also offers a plant hospital service. Here, botanists
take care of the locals’ damaged plants and protect them from unforeseen diseases.

Gardening on the island is a seasonal activity. For example, the majority of
educational and training courses are held in winter. People who completed
their education throughout the winter are prepared to engage in planting and
cultivating exotic flowers during the spring planting season. Plants are harvested
and stored over the summer in preparation for future production. Additionally,
gardening festivals are organized in summer during the tourism season, while
the season for souvenir manufacture in product ateliers is winter and spring.

The Product Atelier

Some plant provides byproducts that are advantageous to the economy and
tourism. The Product Atelier manages the production and sales processes of
these products. For example, mimosa may be used to create candles, soaps,
chocolates, and fragrances. Levander may be used to make cheesecakes,
body lotions, shampoos, and beverages (Figure 4). These products can be
commercialized as souvenirs and sold in souvenir shops and restaurants.

A calendar is built that determines the dates of the festivals after compiling
harvest data for some of the plants (Figure 5). The festivals that are suggested
are flower, painting, and gardening (planting) festivals. Festival specifics and
announcements are made on the Biiylikada App. Visitors are able to participate
in these festivities and verify the dates on their phones. Since they take part
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in workshops and training sessions throughout these festivals, they have the
opportunity to join the gardening society in Biiyiikada. The revenue made
from selling these things contributes to the improvement of the economic state
of the local populace.

With the support of island gardens all around Biiyiikada, the Island Gardening
System can help attain a sustainable environment. Locals, especially the elderly
may participate in the manufacturing and gardening stages, which will foster
a feeling of community among small groups. Additionally, active ageing may
aid in the physical well-being of seniors. All of these may lead to a cooperative
collective society that impacts local residents’ psychological well-being as well
as their economic standing.

i 0
\ 2 &
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Mimosa Mahaleb Lavender
mimoza mahlep lavanta
soap chocolate room odor shampoo  soap spice shampoo body scents lotion
candle parfume pastry cookie parfume tea  vinegar biscuits
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Figure 4. The Products of the Atelier
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Figure 5. Harvesting Calendar for Endemic Flowers

17-20 Haziran 2023, istanbul XVII. Mimarlikta Sayisal Tasanm Ulusal Sempozyumu



94 MSTAS 2023

4. CONCLUSION

This experimental study investigates the implementation of circular economy
principles on an urban scale through the circular island concept on Biiyiikada.
The conceptual circular strategies, on various scales, are developed for
Biiyiikada. In order for the proposed strategies to be implemented, it is
necessary for digital technologies to be integrated into this process, as they are
crucial in making the circularity concept operational to transform theoretical
circular economy principles into feasible and practical activities. The “sharing
bicycles” circular concept, developed by Biiyiikada app group, can be made
operational via the Internet and the IoT that provided the foundations for
the use of shared bicycles based on AB-Product service systems. The IoT
technology ensures bike data collection and networking. The information
collected through the IoT helps provide better technical support for on-site
maintenance technicians, thereby extending the service life of the bicycles. The
positioning technology provided by the IoT enables reverse recycling activities,
such as refurbishment and remanufacturing of bicycles, to close the loop. The
cloud platform offers data storage and management for shared bicycles, and
Al provides technical support for smart operations through big data analysis
(Yafeng et al., 2023).

In the studio scale, it is observed that in order to make circular design concepts
operational on urban scale the emerging technology landscape should be
introduced (Figure 6). In order to develop conceptual works into experimental
prototypes in the academic educational setting, collaborative working
environments of various fields (urban design, architecture, computational
design, computation science and data science) should be provided. The new
model of working environments is explored in “Digital Design Architecture
Studio” where the students implemented circularity concepts on Kadikoy
municipal scale by utilizing newly emerging technology landscapes. The
forthcoming publication will demonstrate through case studies the utilization
of emerging Technologies in the implementation of circularity concepts on
Kadikéy municipal level.
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Figure 6. Digitalizing Urban Circular Economy, Reinterpreted from Politecnico di Milano

Circular and digital transformation that brought a change in design, production
and consumption with change in business models forces all professional
design fields and education settings to adapt these changes into their making
and teaching processes.
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Mimarlikta Seri Uretimi Kisisellestirmeye
Yonelik Kullanict Merkezli Bir Veri
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Ozet

Seri iiretim yaklasimi, genel bir profil altinda hizli bir bicimde kullaniciya
konut iiretimi saglayabildigi i¢cin mimarlikta kabul gormiis bir uygulamadir.
Standardizasyona dayali bu yaklasim, kullanicilarin temel mekansal
ihtiyaclarinin belirlenerek diisiik maliyetle birden cok kullaniciya aym1 anda
hizmet verebilmeyi hedefler. Seri iiretimde tasarimci 6n planda iken kullanici
kimliksiz sayilir. Bu durum, zaman icerisinde seri iiretimin ¢esitli kullanicilar
i¢in farkh ihtiya¢ ve isteklerin karsilanmasim saglayamayarak kullanicilar
tarafindan benimsenmesini zorlagtirmistir. Kitlesel Ozellestirme ise, seri
iiretimin hizli ve diisiik maliyetli yaklagimini kisisellestirme ile birlikte ele
alarak konut iiretimini hedefler. Standardizasyonun getirdigi problemleri
¢ozebilme amaciyla ortaya ¢ikan bu yaklagim, seri iiretimin aksine kullaniciya
bir kimlik vererek tasarimda yer edinmesini saglar. Bu yaklasim altinda
tasarimel, kullanicinin sagladigy verileri dikkate alarak hareket eder. Bu
sayede de kullanicinin kendi yasam alaninin tasariminda yer almasiyla konut
siirdiiriilebilirliginin artirilacagl goriilmektedir. Mekansal kisisellestirmeyi
saglayacak kullanici verilerinin, kullanicinin giinliik aktivitelerine ve bu
dogrultuda olusturdugu mekansal rutinlere bagh gelistigi diisiiniilmektedir.
Bu dogrultuda, bir mekanin tasariminda kullanicinin sadece bilingli mekansal
ihtiyaclar ve istekleri ile degil, ayn1 zamanda giinliik aktiviteleri ve mekansal
rutinlerinden gelen bilingli ya da bilingsiz ihtiyag ve isteklerinin de dikkate
alinmasi 6nem tagimaktadir. Kullanici aktivitelerinin ve mekansal rutinlerinin
gozlemi kullanic1 profili olugturmay: saglayarak konutlarda kigisellestirmeyi
destekleyecektir. Uzun bir zamana dayali bu verilerin elde edilmesinde
siirekli bir gozlem gerekmesi nedeniyle, kullanmicinin giinliik aktivite ve
mekansal rutinlerinin takibi i¢in enformasyon ve iletisim teknolojilerinin
kullanilabilecegi diistiniilmektedir. Bu ¢calisma kapsaminda, kullaniciya iligkin
verilerin siniflandirilmasi1 ve toplanmasi igin giinliik aktivite ve mekansal
rutinlerden yola ¢ikan kullanic1 merkezli bir veri cergevesi 6nerilmektedir.
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A User-Centered Data
Framework for Customizing
Mass Production in
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Abstract

The mass production approach is an accepted practice in architecture,
as it can rapidly produce housing for the user under a general profile. This
approach based on standardization aims to provide services to multiple users
at the same time at low cost by determining the basic spatial needs of the
users. In mass production, while the designer is at the forefront, the user is
considered anonymous. This situation made it difficult for the users to adopt
mass production by failing to meet the different needs and demands of various
users over time. Mass customization, on the other hand, aims at housing
production by considering the fast and low-cost approach of mass production
together with customization. This approach, which emerged with the aim of
solving the problems brought by standardization, allows the user to gain a
place in the design by giving an identity to the user, unlike mass production.
Under this approach, the designer acts by considering the data provided by
the user. In this way, it is seen that the sustainability of the residence will be
increased by the users’ participation in the design of their own living spaces.
It is thought that the user data will provide spatial customization develops
depending on the daily activities of the user and the spatial routines created in
this direction. Accordingly, in the design of a space, it is important to consider
not only the basic spatial needs and wishes of the users, but also the conscious
or unconscious needs and wishes of their daily activities and spatial routines.
Observation of user activities and spatial routines will support customization
in residences by enabling user profiling. It is thought that information and
communication technologies can be used to monitor the daily activities and
spatial routines of the user, as a continuous observation is required to obtain
these data based on a long time. Within the scope of this study, a user-centered
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data framework based on daily activities and spatial routines is proposed for
the classification and collection of user-related data.

Keywords: Mass production, Mass customization, User data, Daily activities,
Spatial routines, Information and communication technologies
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1. GIRIS

Seri iiretim yaklagiminin mimaride kullanilmaya baglamasiyla birlikte,
tasarime1 ve kullanicilar tarafindan genis kabul gordiigli goriilmektedir.
Modern akim mimarlar1 tarafindan desteklenen bu iiretim sekli, standart
iglevli mekanlardan meydana gelen konutlarda 6nemli bir yer buldu. Hizli ve
diisiik maliyetli konut iiretimi, diinya genelindeki konut ihtiyacini geleneksel
iiretim teknikleriyle ulasilamayacak bir bigimde artirdi. Ancak zaman iginde
standardizasyonun yarattigi problemler, seri iretim konutlarin tercih
edilmesini etkilemeye basladi. Kullanmicilarin konutlarinda her ihtiyag ve
isteklerine karsilik bulamamasi ve paralelinde gelen aidiyet eksiklikleri seri
iiretim konutlarin kimliksiz ve kullanigsiz olarak nitelendirilmesine sebep
oldu. Devaminda Kkitlesel 6zellestirmenin bu sorunlara bir cevap niteliginde
ortaya c¢iktigi gorilmektedir. Kullanici katilimli tasarim yaklagimini
benimseyen kitlesel 6zellestirme, kullanicinin kimligini tasarimda ele alarak
konut iiretimini iyilestirmeyi hedeflemistir. Bu nedenle de kullanic1 verilerinin
etkin bir bicimde edinilmesi ve kullanim1 6nem tasimaktadir.

Bu c¢aligmada, kullanicilarin konut igi ihtiyag ve isteklerinin karsilanmasinda,
islevsel gerekliliklerinden Gteye gecip glinliik aktivite dongiilerinden gelen
mekansal rutinlerden yola ¢ikilmistir. Bu aktivite ve rutinlerin takibinin kitlesel
ozellestirme icin bir veri ¢ercevesi olusturacag ongoriilmektedir. Kullanicinin
giinliik aktivitelerine ait kigisel verilerin enformasyon ve iletigsim teknolojileri
sayesinde toplanarak mekan kullanim sikliklarinin belirlenmesi ve dolayisiyla
mekansal rutinlerinin gézlemlenmesi miimkiindiir. Bu calisma kapsaminda
Onerilen veri cercevesinin, enformasyon ve iletisim teknolojilerinin etkin
kullanimi altinda kullanici merkezli konut tasarimini destekleyecegi
diistintilmektedir.

2. MIMARLIKTA MEKAN TASARIMI VE URETIMINDE
KULLANICIYA YAKLASIM

Mimarlhkta mekan tasarim ve iiretiminde farklh yaklagimlarin kullamildig:
goriilmektedir. Bu calisma kapsaminda ele alinan mimarlikta seri iiretim ve
kitlesel Ozellestirme yaklagimlarinin tasarim asamasinda kullanic ile iligkisi
acisindan farkhliklar dikkat cekmektedir. Seri iiretim yaklagiminda kullanici
genel kabuller altinda bir kullanic1 profili olarak kabul edilirken, kitlesel
ozellestirme yaklasiminda tasarima kullanicinin katihmi saglanmaktadir.
Uretilecek mekanlarda kullaniciya iligkin verilerin tasarimda temsili acisindan
iki farkl dogrultu gozlemlenmektedir.
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2.1. Mimarhkta Seri Uretim ve Genel Kullanici Profili Kullanimi

Mimarlikta seri iiretim Gropius'un Bauhaus hareketiyle tartisilmaya baslanip
(Hughes, 1984), Corbusier’'in konut birimlerinin araba pargalarinda oldugu
gibi seri bigimde {iretilebilirligini sorgulamasiyla (Corbusier, 1986) Onem
kazanmigtir. Seri iiretim yaklagimiyla yasam alanlarinin standardizasyonu,
standart konut birimlerinin kisa siirede ve diisiik maliyet altinda tiretilmesi,
dolayisiyla konut tasarim ve yapim siireclerini hizlandirmak amaclanmistir
(Benros & Duarte, 2009). Genis kabulii ise II. Diinya Savasi’'ndan sonra yikilan
sehirleri yeniden toparlama ve konut agigimi hizh ve diisiik maliyetle giderme
ihtiyacinin sonucu olarak etkin kullamimiyla ortaya ¢ikmistir. Zamanla seri
iiretim konutlarin beraberinde getirdigi sikintilar 6n plana ¢itkmaya baglamigtir.
Standart konut tasarimlari farkli kullanicilarin mekansal rutinlerine uyum
saglayamamis (Eranil & Giirel, 2020), istek ve ihtiyaclarin1 karsilamada
yetersiz kalmigtir (Raposo & Eloy, 2020). Tekdiizelik ve kisisellestirilmeye
imkan tanimamasi kullaniciy1 kimliksizlestirmis (Bourdon, 2019) ve
konutlarin siirekliligini etkilemistir. Siireg¢ igerisinde seri iiretim konutlarin
bir¢ogu terkedilmis, kalan konutlar ise maddi durumu yetersiz kullanicilarin
tercih etmek zorunda kaldiklar1 mahalleleri olusturmustur. Bu durum, sinif
farkimi da tetikleyerek, bu yapilarin tekinsiz olarak nitelendirilmesine sebep
olmustur (Manzo, 2014).

Tasarimcinin 6n planda oldugu seri iiretimde, kullanicimin Kkisisel tercihleri
yerine belirlenen standart islevli mekanlar yer almaktadir. Farkli kullanicilarin
cesitli istek ve ihtiyaclarinin yapilan her ayri tasarimda ve iiretiminde karsilik
bulmas1 zaman alic1 oldugu i¢in kullanici kimliksiz varsayilir. Tasarimcinin
kullanic1 ihtiyaglarini belirli kabuller altinda belirledigi tasarimlarda, tek
tarafli olarak alinacak kararlarla hizli ve standart sonugclar elde edilse de kisisel
ihtiyaclarin ve isteklerin tasarima yansimamasi kullanim sirasinda problemler
yaratmaktadir. Burada karsilasilan temel problem mekanm tasarlayan ve
kullanan kisiler arasindaki iletisimsizlik nedeniyle kullanici ve tasarimin
birbiri ile etkilesime gecememesidir. Dolayisiyla tasarimcinin kullanicinin
kisisel verileri etrafinda hareket etmedigi bir yaklasim, sonug¢ {iriiniin
kullanilabilirligini ve bu durumun bir getirisi olarak siirdiiriilebilirligini
olumsuz yonde etkilemektedir.

2.2. Mimarlikta Kitlesel Ozellestirme ve Kullanici Katihmli Tasarim

Mimarlikta seri iiretimin aktif kullanimi, zaman icerisinde standardizasyonun
yarattigi sorunlarla birlikte bir ¢6ziim Onerisi olarak gelistirilen kitlesel
ozellestirmeye zemin hazirlamistir. Kitlesel 6zellestirme terimini ortaya atan
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Davis’e gore, seri iiretim ve kigisellestirme terimsel olarak zit iki ugta yer
alsa da mevcut teknolojilerle yapilabilecekler sonsuz olasiliklar icermektedir
(Davis, 1987). Seri liretimin diisiik maliyetli ve standart triinlerine karsilik;
yine diisiik maliyetini korur bi¢cimde ve kisisellestirilmis iiriinlerin mimariye
yansimasinin esnek ve kullaniciya adapte olabilen konutlar olmas: kitlesel
ozellestirme fikrini mimarlikta 6ne cikarmistir (Dye, 2004; Duarte, 2018).
Bu dogrultuda mekansal tasarimlarda kullanicilara gore kisisellestirilebilen
iiretimler yayginlagmaya baglamistur.

Kitlesel Ozellestirmenin basarili olabilmesi mekéan tasariminda kullanicinin
tasarimeryla birlikte aktif bir gekilde rol almasi ile miimkiindiir (Elmasry
& Farid, 2007). Geleneksel kullanic1 tasarimer iligkisi kullanicinin istek ve
ihtiyaclarini sozlii ifade ettigi ve tasarimecinin hayata gecirdigi bir yaklasima
dayanmaktadir. Bu yaklagimda kullanicinin genellikle mesleki bir bilgisi
yoktur, tasarimci ise kullanicinin mekansal tercihleri konusunda yetersiz
kalabilmektedir (Dortheimer et al., 2020). Ciinkii tasarimcinin kullanici
verilerine erisimi, kullanicinin bilingli ihtiya¢ ve istekleri iizerinedir.
Kullanicinin zaman ve mekan icinde olusturdugu rutinlerinden gelen bilingsiz
ihtiyaclar1 hakkinda veri edinmesi miimkiin degildir. Dolayisiyla, kullanicinin
mekan kullanimina dair verilerinin kapsamli bir bicimde ¢6ziimlenmesi
gerekliligi acikca ortadadir. Bu durumda kullanicinin tasarim siirecine
katilminin giiniimiiz kosullarinda enformasyon ve iletisim teknolojilerinin
saglayacag katki da goz oniine alinarak gozden gecilmesi bir gerekliliktir.

3. GUNLUK AKTIVITELER VE MEKANSAL RUTINLERE DAYALI
KULLANICI MERKEZLi VERiI CERCEVESi

Mekanlarin kullaniciya gore Kkisisellestirilerek tasarlanmasinda glintimiiz
imkanlar1 goz oniinde bulunduruldugunda yalmzca islevsel bir yaklasim
altinda kullanicinin tasarimciya belirttigi ihtiyaclarla hareket etmek dogru
goriilmemektedir. Kisisellestirme siirecinde veri saglayan taraf kullanicidir
ve kigisellestirmeyi kontrollii bir bicimde gerceklestirebilmek icin kullanici
merkezli bir veri cercevesi altinda edinilmis veriler gerekmektedir. Bu
calisma kapsamindaki oneri veri cercevesi gelistirilirken kullanicinin giinliik
aktiviteleri ve mekénsal rutinlerinden hareket edilmigtir. Kullanicinin kigisel
giinliik aktiviteleri dogrultusunda olusan mekansal rutinlerin ¢éziimlenmesi
ile tasarim siirecine katki saglanabilecegi diisliniilmektedir.

3.1. Gunluk Aktiviteler ve Mekansal Rutinler

Kullanicilarin giinliik aktiviteleri, kisisel mekan kullanimlarina dair dogrudan
veri saglar. Uyuma, yeme-i¢me, bos zaman etkinlikleri, kisisel ve genel hijyen
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aktiviteleri her kullanicinin konut ici gergeklestirdigi aktiviteler olmasima
karsin, gerceklestirilme siralari, sikliklar ve gergeklestirilme mekanlar: farklilik
gosterebilir. Bu nedenle kullanicilarin giinliik aktivitelerinden meydana gelen
mekansal rutinlerin incelenmesi 6nem tasimaktadir. Mekansal rutinlerin
tasarim siirecine dahil edilmesi, konuttaki mekanlarin birbirleri ile iligkilerinin
gelistirilmesine olanak saglayarak, tasarlanacak konutun bir biitiin olarak
calismasini saglar (Certeau, 1984; Diaz, 2018). Bireysel aktivitelerin siirekliligi
g6z oniline alindiginda olusan mekansal rutinler kullanicimin farkinda oldugu
ihtiyaclarinin yan1 sira farkinda olmadan bilingsiz olarak gerceklestirdigi
aligkanliklarina yonelik de veri sunar.

Kullanicilarin  konut igerisindeki mekansal rutinleri, zaman icerisinde
gerceklestirilen belirli aktivitelerin devamhiligindan kaynaklanmir. Her
kullanicinin konut igerisinde kendine 6zgii mekansal rutinleri vardir. Calisan
kullanicilarin ev iginde bulunduklar1 ve disarida bulunduklar saatler belirli
bir diizene gore isler. Birlikte yasayan kullanicilar yemek saatlerinde birlikte
yemek yiyebilir, her kullanicimin sectigi ve oturdugu belirli bir sandalye
olabilir. Yemegi yapan kullanici ve masay1 toplayan kullamicilar genellikle
belirlidir. Konutta bir evcil hayvan varsa onun ihtiyaclarinin karsilanmasinda
kullanicilar belirli bir diizene gore hareket ederler. Fakat standart bir konut
tasariminda bu tiir verilere iligkin olarak her durum g6z 6niinde bulundurularak
tasarim gergeklestirilmediginden her kullanicinin rutinlerini aymi kolaylikla
gerceklestirmesi miimkiin olmayacaktir. Bu nedenle kisisellestirmeyi saglamak
i¢in kullanic1 verilerini belirli parametreler altinda tasarima tasiyacak bir veri
siniflandirmasina ihtiya¢ duyulmaktadir. Bu calismada aktivite, zaman ve
mekan iligkisi izerinden bu ¢ergevenin bilegenleri tanimlanmaya ¢alisilmigtir.

3.2. Aktivite-Zaman-Mekan iliskilerinin Coziimlenmesi ve Kullanici
Merkezli Veri Cercevesi Onerisi

Giinliik aktiviteleri ve mekansal rutinleri temel alan ¢alismanin yaklagimi,
gerceklestirilen aktivite, gerceklestirildigi zaman araligi ve gerceklestirildigi
mekana dayanmaktadir. Baslangic biligeni olarak aktiviteden hareket edilse de
aktivitenin zaman ve mekanabagimli olma durumu ortadadir. Uyuma, yeme/i¢me,
calisma, hijyen saglama, medya kullanimi, sosyallesme ve hobilerle ilgilenme gibi
farkli aktiviteler gerceklesebilir. Bu aktiviteler belirli zaman araliklari icerisinde
mekan ile etkilesim kurarlar (Tablo 1). Bir kullanicinin yasam tarzini ve mekansal
rutinlerini anlamak i¢in hangi mekén hangi aktivitelerle kullandigim1 bilmek
Onem tagir. Bu verilerin elde edilmesinden sonraki asamada, kullanicinin mekan
kullanma siklig1 ve hangi aktiviteyi 6n planda tutarak kullandigiyla ilgili veriler
saglanabilir ve daha genis kapsamli uzun zamana dayal analizler edinilebilir.
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Tablo 1: Aktivite-zaman-mekan iligkisi

Aktivite (a,,..) Zaman (tha§lam - thm) Mekan (m__. )

3yuma Uyuma by Uyuma siiresi Lp— Yatak odasl
Byemefigme Yeme/igme - Yeme/igme siiresi Mt Mutfak

caisma Calisma - Galisma siresi L—— Galisma odasi

Bpigen Hijyen saglama tmyen Hijyen saglama siiresi Moy Banyo

Ay Medya kullanimi U Medya kullanim stiresi | Moumaodas: Oturma odasl
C— Sosyallesme tsosyaHegme Sosyallesme siiresi Mion Salon

&g Hobiler booi Hobi siresi My Garaj

Tablo 2’de ornek olarak uyuma aktivitesi incelenmis ve aktivite-zaman-mekan
coziimlemesi altinda ele ahnmustir. Ornek durumdaki uyuma aktivitesine bakildiginda
3 kez farkli zaman araliklarinda ve farkli mekanlarda gerceklestigi goriilmektedir.
Bu durum, giinliik aktivitelerin mekansal karsiliklarinin her durumda bir tane
olmadigini gostermektedir. Standart bir konut tasarim yaklagiminda uyuma aktivitesi
yatak odas1 mekanina indirgenmis bir durumda iken kullanicinin farkli mekéanlarda
uyumaktan keyif almas1 gibi bir durum goéz ardi edilmektedir. Bu tiir verilerin
saglanabilmesi ile mekanin kullanic1 aktiviteleri ile iligkili olarak kigisellestirilmesi
desteklenebilir. Ayrica zamanin akigina dayali olarak aktivitelerin siralanmasiyla
mekanlar arasi kullanic1 hareketleri hakkinda da veri saglanabilir. Kullanicinin giine
basladig1 zaman ve mekandan giinii sonlandirdigi zaman ve mekana kadar gosterdigi
aktivite siralamasi, kullanicinin mekanlar arasi izledigi rotay: ortaya cikarir.

Tablo 2: Uyuma aktivitesine iligkin aktivite-zaman-mekan ¢éziimlemesi

Gerceklestirilen Aktivite Aktivitenin Gerceklestirildi§i | Aktivitenin Gergeklestirildigi
(2,516 Zaman Araliklari (t,,.,. . - t) Mekan (m_,,.)
auyuma tuyumaT myatakodasw
uyuma2 moturmaudasw
tuyumas mganwaodam

Mekansal rutinlerin olugsmasinda kullanici aktivitelerinin zaman icerisindeki
dongiisii 6nem tasir. Mekan icerisindeki kullanici hareketlerinin siirekliligi, bu
hareketlerin gerceklestirilme sikliklarina gore degiskenlik gosterir. Rutinler,
sadece giin icerisinde degil, haftalik, aylik ve yillik olarak da tekrarlanabilir
(Sekil 1). Giinliik kullanic1 aktiviteleri hafta icinde, haftahik aktiviteler ise ay
icinde degigkenlik gosterebilir. Kullanicilarin temel giinlik aktivitelerinin
gerceklestirildigi mekan ve zaman araliklar1 benzerken, daha uzun bir zaman
diliminde ele alindiklarinda, degiskenlik gosteren giinler veri olarak elde
edilecektir. Ayni durum, kullanicinin 6nceki haftalarda géstermedigi bir rutini
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ayda bir hafta uygulamasinda da gegerlidir. Bu degisim giinliik, haftalik, ayhik
ve yillik rutinlerin bir arada incelenmesi ile goriilebilir. Rutinlerdeki uzun siireli
degisimler, kullanicinin mekansal ihtiyacindaki degisimin tespiti icin de gerekli
bir veridir. Dolayisiyla aktivite dongiilerinin mekan tasariminda 6nemli bir
yeri oldugu sdylenebilir. Aktivite dongiileri sadece mekan kullanim sikligim
gostermez. Bu dongiilerin belirlenmesiyle konut i¢i mekanlar aras1 kullanim
sikliklarmin belirlenerek kullanicinin konut igerisindeki hareket rutinini
olusturmak da miimkiindiir. Kullanicinin konut icerisinde giinliik aktivitelerini
gerceklestirirken rahat hareket etmesini saglayan bir tasarim, alanin verimli
kullanilmasinm saglayacaktir. Sonug olarak, bu verilerin bir araya toplanmasi
kullanicinin genel mekan kullanimina dair bir veri gercevesi ortaya koyarak,
kisisellestirmenin temelini olusturacaktur.

Bahce isleri

Tatile gikma

Disar yemege cikma
Ev aligverisi

Aile ziyareti
Camagir ylkama

Ev temizligi

Galisma

Evcil hayvanla ilgilenme
Bos vakit etkinlikleri
Dinlenme

Beslenme

Hijyen

Uyku

Gl G2 G3 G4 G5 G6 G7 ..

H1 H2 H3 H4

Al A2 A3 A4 A5 A6 A7 A8 A9 Al0 All Al2° ...
Y1 Y2

Sekil 1: Kullanicilarin giinlik, haftalik, aylik ve yillik rutinleri

Giinliik aktiviteler ve bu aktivitelerin olusturdugu mekansal rutinlerin
ortaya koydugu mekan kullanimi ve sikliklar1 6nerilen kullanici merkezli
veri cercevesi altinda ele alinabilir. Bu cerceveye gore a kisaltmasi altinda
temsil edilen aktiviteler indis numarasina gore kullanicinin tiim aktivitelerini
kapsar bicimde siralanarak ele alinmasim saglar. Aktiviteler belirli zaman
araliklarinda ve belirli mekanlarda gercgeklesirler. Aktivitelere iligkin zaman
araliklar baslangic ve bitislerine bagh olarak ele alinirken, mekanlar da indis
numaralart altinda simiflandirlabilir. Sekil 2’deki a1 gibi tekil gerceklesen
aktiviteler olabilecegi gibi, a2 gibi ayn1 mekéanda gerceklesen ya da a3 gibi
farklh mekanlarda gerceklesen aktivitelerle kargilagilabilir. Bu caligmada
onerilen gelismelere agik yapidaki veri cercevesi, verilerin toplanmasina ve
analiz edilmesine uygun bir nitelik tagimaktadir.
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a ty(t1atyp) my
a ta(tratyp) m,
t3(ts,-t3p) m,
a3 ta(taaty) ms
ts(ts,-tsp) m
ts(tea'tsb) m,
an tal(tna-t,y) Mn

Sekil 2: Kullanici merkezli veri gergevesi

3.3. Veri Elde Ediniminde Enformasyon ve iletisim Teknolojileri

Enformasyon ve iletisim teknolojilerinin hizhh gelisimi ile birlikte
gecmigte gercgeklestirilmesi miimkiin olmayan bir¢ok calisma giiniimiizde
uygulanabilmektedir. Bu calismada Onerilen veri cercevesinin kullanacagi
verilerin elde edilmesinde de gilinlimiiz enformasyon ve iletisim teknolojileri
yetkin durumdadir. Oncelikle internet Web 1.0’dan Web 4.0’a uzanan gelisim
siireciyle bu altyapiy1 destekleme noktasinda en 6nemli unsurdur. Web 1.0 ile
kullaniciya bilgi saglama ekseninde baslayan internet, Web 2.0 ile kullanicilarin
iletisim halinde olabildigi bir yapiya doniismiistiir. Web 3.0 gelismeleriyle ise
kullanic1 ve makineler arasindaki is birliginin giiclendigi bir yapi sunarak,
Web 4.0 altinda biitiinlesik yaklagimlarla makinelerin de birbiriyle iletisim
kurabildigi yapiya doniismiistiir (Aghaei et al., 2012; Badgers, 2021).

Giintimiizde, giinliik hayatta kullanilan elektronik aletlerin bir¢cogu internete
baglanabilir durumdadir. Internete baglanan bu elektronik aletler sadece
kullaniciyla degil, birbirleriyle de iletisim kurabilirler. Nesnelerin interneti
(Internet of Things, IoT) yaklasimi adi altinda birbirleri ile iletisim haline
gecebilen bu aletlerin veri toplama ve biriktirme siirecinde aktif birer bilesen
oldugu goriilmektedir (Chen & Tsai, 2015). Nesnelerin interneti, bulut
teknolojisi, biiyiik veri ve yapay zeka (AI), biitiin fiziksel diinyay1 siber uzaya
baglayarak siirekli veri aktarimi saglar ve analiz eder (Chen, 2020). Kullanicx
verileri bulut teknolojisiyle toplanip biriktirilerek biiylik veriyi olusturur.
Biiyiik veri, kullanicilarin tercihlerini 6grenmek ve ileride yapabilecekleri
tercihleri gostermek igin yapay zekayr (AI) ve makine ogrenmesini (ML)
kullanilabilir (Izsak et al., 2022). Ogrenilen ve ileride yapilmas1 beklenen
tercihler veri olarak tekrar kullanici hayatina aktarilir. Bu dongii, kullanicidan
edinilen verilerle kullanici karakterini 6grenerek kullaniciya en uygun hizmeti
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vermeyi hedefler. Enformasyon teknolojilerinin kullanim alaninin genigligi
goze alindiginda, birden ¢ok kullanicinin birbirinden farkh alanlarda siirekli
veri paylasimi iginde oldugu soylenebilir. Bu dogrultuda, kullanicilarin giinlitk
hayatlarinda kullandiklar1 akilli cihazlar konum, goriintii, ses, saglik durumu,
hareketlilik ve duraganlik gibi konularda siirekli veri saglamaktadir.

Giinliik hayatta kullanicilarin kullandiklar IoT cihazlari, kullanici rutinlerini
belirleme prensibiyle calistiklari i¢in bircok alanda kullaniciya edebilirler.
Bunlardan en Onemlisi Kullanici Aktivitesi Tamima (Human Activity
Recognition, HAR) sistemleridir. 9o’ y1llarda ilk kez arastirllmaya baslanan
HAR sistemleri, giyilebilen cihazlarin benimsenmesiyle kullanicilarin
hayatinda aktif sekilde kullanilmaya baglanmigtir (Khan et al., 2023).
Giyilebilir cihazlarda bulunan sensorler, yiiriime, yaz1 yazma, dis fircalama,
merdiven inip ¢ikma gibi hareket halinde veya duragan aktivitelerin verilerini
ivmeolgerler yardimiyla toplayip analiz edebilirler (He & Jin, 2008). Kullanici
aktivitelerine bagli olarak kullanicilarin mekan kullanim sikliklarini belirleyen
bir diger teknoloji de Wi-Fi tabanl i¢ mekan konumlandirma teknolojisidir
(Rekimoto et al., 2007). GPS’in genel olarak dis mekan navigasyonunda
kullanilmasi ve hata payinin yiiksek olmasi sebebiyle, konut ici yer belirlemede
Wi-Fi tabanl i¢c mekan konumlandirma teknolojisi tercih edilmektedir (Liu
et al., 2020). Kullanicinin mekan icerisindeki konum verileri ve bu verilerin
zaman icerisinde gosterdigi degisimin biitiinsel olarak incelenmesiyle kullanici
aktivitelerini anlamak, gruplandirmak ve mekansal kisisellestirmeyi saglamak
miimkiin olabilir. Kullanicilarin konum ve mekanda vakit ge¢irme sikliklarinin
belirlenmesi i¢in 6ncelikli olarak IoT cihazlar1 ve Wi-Fi temelli yaklagimlarin
kullanilabilecegi diistiniilmektedir. Kullanici verilerinin kullanicilarin giinlitk
hayatta kullandiklar1 teknolojik aletler ile toplanarak bulut teknolojisi
yardimiyla biriktirilmesi, mekan tasarimi icin kullanici profili olusturmada
yararh bir kaynak olarak goriilmektedir.

4.SONUC

Mimarlhkta seri tiretim, her ne kadar diisiik maliyetle kisa siirede konut
iiretimini saglasa da farkli kullamicilarin ihtiyaclarini karsilamada yetersiz
kalmaktadir. Kullanicinin tasarimda s6z sahibi olmamasi ve tasarimcinin
kullaniciyr belirli kabuller altinda ele alarak mekani tasarlamasi ve iiretmesi
siirecteki asil problem olarak goriilmektedir. Kitlesel 6zellestirme yaklagiminda
ise, standardizasyonun yarattig1 kimliksizlestirme sorununa bir ¢6ziim olarak
ortaya ¢ikmasina ragmen, kisisellestirmenin nasil saglanacag bir tartisma
konusudur. Tasarimda temel alinacak kullanici verileri, standart islevli mekan
kullanimlarinin 6tesinde, kullanicilarin giinliik aktiviteleri dogrultusunda
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gelistirdikleri mekénsal rutinlere de baghdir. Dolayisiyla mekénlarin fiziksel
planlamasinin yani sira kullanici deneyimlerinin de goz Oniine alinarak
tasarlanmasi gereklidir. Bu calismada oOnerilen yapi ile giinliik aktivitelere
dayali mekan kullamim sikligl ve dongilisiinde zamana dayali incelenerek,
kullanicilarin mekansal rutinlerini bir biitiin olarak gorebilmek, aktivitelerin
sikligim1 anlamak ve bu dogrultuda bir mekan tasarimi ic¢in kullanilabilir.
Tasarim siirecine kullanic1 katihmini desteklemek icin olusturulmus bu veri
cercevesi kitlesel 6zellestirme icin bir 6neri niteligindedir. Kullanicinin mekan
kullanimina dair verilerinin tasarimciya dogrudan aktarilmasi giiniimiiz
enformasyon teknolojisi arag ve altyapilari ile miimkiindiir. Bu tip bir ¢erceve
araciligi altinda daha kapsamli bir bicimde kullanic1 verileri saglanabilir. Bu tip
veriler aracilig1 ile de glinlimiiz/gelecek mimari tasarim ve tiretim yaklasimlari
kullanici odakh olarak desteklenebilir.
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Uretim Sistemlerinde Sanal Prototipleme:
Moduler Malzeme Kullanimi

AHSEN ZEYNEP DOGAN' @ , SEVIL YAZICI?
"2|stanbul Teknik Universitesi
'dogana21@itu.edu.tr, %sevilyazici@itu.edu.tr

Ozet

Prototipler, malzemesistemlerini, iiretimyontemlerinivebunlarinkullanicilarla
etkilesimini test etmek icin iiretilen ilk 6rneklerdir. Ancak bu yontemle “ideal”
ciktiya ulagsmak her zaman goriindiigii kadar hizh ve kolay degildir. Geleneksel
prototipler, her degerlendirme sonucunda yapilan geri doniislere gore yeniden
giincellenmekte ve bu dogrultuda yeniden {iretilme asamasina donmektedir
yani anlik miidahale yapilmasina izin vermemektedirler. Ayrica siire¢ boyunca
farkli {iretim tekniklerini ve model davramiglarim test etmek icin analog
modelleme de dahil olmak {izere geleneksel yontemler kullanilarak cesitli
prototiplerin iiretilmesi gerekir. Bu denemeler hem iiretim siiresini hem de
kullanilan malzeme miktarini arttirmaktadir. Bunlara ek olarak prototiplerin
tasarim silirecinin sonunda iiretilmesi geometri, malzeme ve iiretim yontemleri
ile ilgili kisitlarin ayr1 ayr1 degerlendirilmesine neden olmaktadir. Siireglerin
birbirinden kopuk ilerlemesi hem degerlendirme siirelerinin artmasina
hem de paydas etkilesiminin azalmasina sebep olmaktadir. Bu calismada,
yaygin olarak kullanilan fiziksel prototipleme siirecleri degerlendirilmis ve
Sanal Gergeklik (VR) kullanilarak dijital ortama aktarilmasi amaclanmigtir.
Bu dogrultuda prototipleme siireclerini modiiler malzemeler kapsaminda
ele alarak, tasarinmdan tretime kadar olan tiim siirecin sanal ortama
aktarilmasi tizerinde calisilmigtir. Calismada kullanici/tasarimet, sanal ortami
deneyimlerken hem geometrik hem de algoritmik modeller iizerinde ¢alisip
tasarim yapabilmektedir. Ek olarak, erken tasarim agamasindan itibaren cesitli
simiilasyonlar VR ortamina dahil edilebilmektedir. Su anda, yapisal ve ¢evresel
performans simiilasyonlari modele dahil edilmistir. Sonug olarak, bu caligmayla
sanal gerceklik ortaminda prototiplerin iterasyonlar iiretilerek davramslar
test edilebilmekte ve fiziksel olarak optimum ¢oziimler iiretilebilmektedir. Bu
da hem zamandan hem de malzeme maliyetlerinden tasarruf saglamaktadir.
Calisma kapsaminda geometrik ve algoritmik modelleme ortamlar1 sanal
gerceklik ortami igerisinde kullanilmis ve kullanicilar igin bir deneyim ortami
olusturulmustur. Son asamada ¢alismanin deneyimlenerek yorumlanabilmesi
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i¢in bir vaka caligmasi yiiriitiilmiistiir. Katihme: olarak belirlenen tasarimeilarin
ortam1 deneyimleyerek verilen calismayr tamamlamasi ve daha sonrasinda
belirlenen kural setini kullanarak degerlendirme yapmas1 beklenmistir.
Ayrica calismayla ilgili kigisel goriislerini de paylagan tasarimecilar ¢calismanin
gelismesi i¢in katkida bulunmuglardir.

Anahtar Kelimeler: Algoritmik modelleme, Sayisal simiilasyon, Geometrik
modelleme, Hizl prototipleme, Sanal prototipleme, Sanal gerceklik
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Virtual Prototyping in
Production Systems:
Use of Modular Materials

AHSEN ZEYNEP DOGAN' ® , SEVIL YAZICI2
".2|stanbul Technical University
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Abstract

Prototypes are the first examples produced to test material systems, production
methods, and their interaction with users. However, reaching the “ideal” output
is not always fast and easy as it seems. Conventional prototypes are updated
according to the feedback made at the end of each evaluation and return to
the reproduction stage in this direction, not allowing instant intervention. In
addition, various prototypes must be produced using conventional methods,
including analog modelling, to test different manufacturing techniques and
model behaviors throughout the process. These trials increase the production
time and the amount of materials used. In addition, generating prototypes at the
end of the design process causes the constraints related to geometry, materials,
and production methods to be evaluated separately. The disconnection of
processes from each other causes both an increase in evaluation times and
a decrease in stakeholder interaction. In this study, widely-used physical
prototyping processes are considered and transferred into the digital
environment by using Virtual Reality (VR). This study aims to transfer the whole
process from design to production to the virtual environment by discussing the
prototyping processes with the scope of modular materials. In the study, the
user/designer can work and design on both geometric and algorithmic models
while experiencing the virtual environment. Additionally, various simulations
can be included to the VR environment from the early design phase. Currently,
structural and environmental performance simulations are incorporated into
the model. As aresult, the behavior of the prototypes can be tested by generating
iterations of them in the VR environment, and only optimal solutions can be
produced physically, which would save both time and material costs. Within the
scope of the study, geometric and algorithmic modelling environments were
used in the virtual reality environment, and an experience environment was
created for the users. In the last stage, a case study was conducted to interpret
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the survey by experiencing it. The designers determined that participants were
expected to complete the given work by experiencing the environment and then
evaluating using the determined rule set. In addition, the designers who shared
their personal views on the work contributed to the development of the work.

Keywords: Algorithmic modelling, Digital simulation, Geometric modelling,
Rapid prototyping, Virtual prototyping, Virtual reality
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1. INTRODUCTION

Various stages should be accommodated in the design and production of an
object or a building. Prototypes are the first samples produced so that multiple
tests can be carried out. These prototypes are necessary for designers to
evaluate the product, refine their designs, and develop it. They are used after
determining the initial design requirements and creating the form during the
conceptual design phase. Not only visual assessments but also tests related
to the material and structural behavior, as well as user experiences, are
considered. After evaluating the prototype, it is determined whether it meets
the necessary criteria. The production phase starts if it is approved by meeting
the design criteria. However, if the requirements are not met, the prototype will
not be approved, and various updates may be required. In such a case, as seen
in Figure 1, the process repeats itself cyclically (Zawadzki & Zywicki, 2016).

l Initial Requirements I

N

v
Rﬁ\;i;:v"g:d I PROTOTYPING I

Prototype Tests
Is it approved? O

Yes

Figure 1: The place of prototyping in production processes
(revised from Zawadzki & Zywicki, 2016)

In today’s world, where production and consumption are very fast, it is a
critical problem that physical production does not allow instant changes in
the development stage. The increasing cost and loss of time due to reasons
such as the need to reproduce the prototype after each evaluation, the
disjointed progress of processes, and the inability of stakeholders to meet
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on a common platform have led to a search for new methods in prototyping
(Stark, et. al. 2017), Studies focused on rapid prototyping methods, tried to
ensure that the functional properties of the designs were tested quickly by
using digital fabrication methods. Although good results were obtained, they
were insufficient because the prototypes differed from the initial production
material. Therefore, they could not respond to all tests (Nguyen et. al., 2020).
Virtual Reality (VR) can be used as a platform for interaction. However, design
output is generally transferred to the virtual environments after the completion
of its formal configuration. Interventions in the VR environment are mostly
made by changing the model in the digital environment and updating the
model in the VR environment accordingly (Wolf et al., 2017).

First of all, scale problems that we frequently encounter in the physical
environment are no longer a problem for the designer in the virtual
environment. In this way, the designer can model all aspects of the system.
Having mastered all the system details, the designer will be able to focus on
detail design by overhauling even small details. At the same time, through
this environment, which allows the system to be examined in many different
scales, the way for general visual and functional evaluations will be opened by
leaving the details. With this environment, which will allow different features
to be controlled simultaneously, the designer can see many options without
engaging in a physical effort and be allowed to move more freely. Secondly,
each design addresses other needs in itself. While some design is expected to
be able to stand, other design may need to be durable. It is aimed that these
tests, which were previously done in physical environments, are now carried
out in the virtual environment and that the designer can produce instant
solutions according to the results. In other words, it should allow general
system performance simulations and material tests on model designs. Finally,
many stakeholders are in the process while a design is being made. Interaction
between stakeholders plays a significant role in the development of designs.
From this point, the model should enable stakeholder interaction and create
an interaction space between stakeholders. In this way, it is desired to reduce
the workload of all stakeholders, shorten development times and increase
productivity. The designs created this way will have a dynamic model feature
that can be developed instantly. (Yildiz, et al. 2021). Three stakeholders,
including the designer, user, and programmer, can meet on a common platform
and conduct the process interactively with virtual prototyping (Chu et.al. 2017).

The physical prototyping process takes place in four stages, including design,
visualization, prototype, and performing tests on the prototype. Physical
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prototypes enable many tests, such as visual, functional, user experience, and
material tests. Many different prototype production methods are used to carry
out the tests, and many prototypes are produced to test different features.
These appear to be disadvantages, such as loss of time, increased cost, and
waste of resources. Virtual prototypes aim to minimize the disadvantages of
the physical environment.

Within the scope of the study, it was determined which features the virtual
prototypes should contain. In this direction, the properties of the physical
prototypes used in the present were examined. The idea that virtual prototypes
should include all the features of physical prototypes and go even further
has been emphasized. Firstly, primarily data related to design, visualization,
modelling, and simulation systems were collected. It has been reviewed how
existing systems can be adapted to each other with virtual platforms, ease of
use, and simulation libraries. This study focuses on geometric and algorithmic
modelling design applications that can allow one to experience a virtual
environment. Afterward, a case study was conducted to test and develop the
applicability of the study in line with this information.

2. METHODOLOGY

The methodology consists of three stages, including (1) module generation,
(2) design generation, and (3) undertaking performance simulations. First,
the modules are designed and transferred to the virtual environment. Then
different geometric configurations are tested by using these modules. In the
final stage, performance simulations, including structural and environmental
performances, are incorporated into the model. According to the evaluation of
the simulation results, the design can be revised by generating feedback loops.

VR is considered a dynamic environment that allows interaction. Rhinoceros
and Grasshopper, geometric and algorithmic design interfaces are incorporated
into the VR environment. MindeskVR plug-in is selected for this study due
to increasing the interaction with the users, providing access to all interfaces
without leaving the virtual environment, and not bringing an extra cognitive
load to the designer (Figure 2).
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Figure 2: Workflow of the methodology

Following the application of the methodology, a case study and survey
are undertaken for the users who completed the experiment based on
Shneiderman’s 8 golden rules to evaluate human-computer interaction
(Shneiderman & Plaisant, 2010).

2.1. Module Generation

Within the scope of the study, the design of various units using modular
materials and the testing of these units are studied. Firstly, the modular
materials that they could use are introduced to the participating designers, and
then they are expected to generate their designs within the framework of the
determined rules. While designing the modular material used, the designer is
asked not to be overly restricted. A stick module that allows joining from both
ends is emphasized in this direction. The designer is expected to generate an
output in the virtual environment using this previously determined module.

The module is basically a rectangular prism-shaped stick. The design is made

by combining the modules with various combinations. Within the scope of the

study, the structural properties of the sticks may vary according to the designer.

- The module allows connection from two endpoints (a and b), as seen in the
image. (A)

- Connections can be made on four surfaces corresponding to the long
surfaces of the sticks in the a and b sections of the modules (§, ii, iii, iv and -i,
-ii, -iii, -iv). So, a module allows eight connections in total. (A)

- An unlimited number of modules can be added in various ways, such as
being perpendicular or parallel to each other or establishing different
angular relations. (B)

Limitations;

- Connections can be made in four directions at each of the ports on the

modules. However, when a connection is made to one of the points, the
direction option for the second one decreases. (C)
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- If two sticks are joined wholly from upper and lower parts, no additional
connections can be made in the adjacent surface. (D)

AT
=

©) ()]
Figure 3: Limitations and rules of the joining modules

2.2. Design Generation

First, the module is created, then the general design. The user/designer is
expected to design within the defined limitations and rules related to joining
modules. The designer can control the output on three different panels.

First, the design can be developed using various commands provided by the
Oculus Quest Controller. The designer can make changes to the existing units
through this interface. In this panel, which does not have access to drawing
tools, the existing units can be observed, and the units’ locations, directions,
and dimensions can be changed. In addition, the changes made can be undone
thanks to this panel. Secondly, many different functions can be accessed,
including designer drawing tools, thanks to the menu opened via the Quick
menu button on the Oculus Quest Controller (Figure 4).

Figure 4: Oculus Quest 2 (A), The interfaces that the designer access in the VR
environment with the Mindesk plugin (B) and 3D model translated into the geometric
modelling environment (C)
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The designer can perform many functions through this interface, such as
sectioning, scaling, surface creation, and drawing tools. In addition, the
designer can access algorithmic design modelling interfaces without leaving
the virtual environment via the Quick menu (Figure 5). In this way, the user
can work both in the geometric and algorithmic modelling environments
without leaving the VR environment.

00 00 QA0 LV W ~al
T W T S——

E1~ IS He-yw 300,

Figure 5: Algorithmic design modelling interface that the designer accesses in the VR
environment

Finally, the designer can use the virtual and digital environments simultaneously
by accessing the desktop directly without leaving the virtual environment.
While using this interface, the designer can continue using digital media tools
such as mouse and keyboard.

Users can control both geometric and algorithmic design environments. The
changes can be made by adding the modules or adjusting the modules. Before
proceeding to the simulation phase, the designer should have completed initial
decisions related to the formal configuration. Afterward, feedback loops are
generated among the formal outputs and the simulation results.

2.3. Undertaking Performance Simulations

During the simulation phase, designers are expected to instantly observe
their products and evaluate them at various scales. The designer can use
different performance algorithms, including environmental and structural
performances, that can be used without leaving the virtual environment. A
solar hour and structural performance analysis by finite element method are
incorporated into the model using Ladybug and Karamba add-ons operated
in the Grasshopper algorithmic modelling environment. By using these
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algorithms, the designer, who tests the behavior of the prototypes, can instantly
change the design output according to the simulation results and refine their
designs and prototypes accordingly.

3. CASE STUDY

A case study was conducted within the scope of this study, which focuses on
designing in a VR environment and testing the designs made under various
conditions. In this study, it was worked with three designers. For the designers
to experience the environment, the information about the computer programs
used in the study, Rhino-Grasshopper, was questioned, and it was determined
that the D1 was at the beginner level, and D2 and D3 had intermediate
program knowledge. Afterward, it was stated that D1 and D2 of the designers
whose virtual environment experiences were evaluated, will work with virtual
reality for the first time. The D3 has previously experienced the virtual reality
environment using Oculus Rift. In line with this, the designers were first given
information about the work and then asked to design directly using the virtual
environment. Afterward, the designer was asked to evaluate his work and the
virtual environment. During the evaluation of the virtual environment, it was
expected to make two types of evaluations quantitative and qualitative. To
evaluate the user interface in the quantitative evaluation process, an evaluation
was made on the 8 golden rules determined by Shneiderman for interface
design (Shneiderman & Plaisant, 2010). This rule set is an intuitive assessment
method centered on interfaces used for human-computer interaction. Within
the framework of these rules, the consistency of the interface, usability,
dialogue with the user, and process steps are evaluated. Qualitatively, the
designers were expected to evaluate the positive and negative aspects of the
study. This paved the way for the development of the study. During the survey,
ideas were exchanged, and the improvement aspects of the study were also
emphasized.

3.1. Virtual Environment

Within the scope of the case study, first of all, the module in the form of a
rectangular prism and the limitations and rules of combining the module
with other modules (pls. see Figure 4) were explained to the designers. The
designers were asked to generate a modular design in the virtual environment
using the described module (Figure 7). The designers were given half an hour
for the study.
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Figure 7: Perspective views of the designs created by D1 on the left and D2 on the right
in the VR environment are shown

The designers who completed the period were expected to evaluate the design
they made and test their models using the simulation algorithms they deemed
appropriate to evaluate the design (Figure 8). Afterward, the designers updated
their designs according to the incoming simulation results and completed the
virtual part of the study.

Figure 8: Solar hour analysis in the virtual environment

3.2. The Evaluation of the Environment

The designers, who completed their work, were asked to evaluate the virtual
environment interface they used in two ways quantitative and qualitative.
In addition to the quantitative evaluation made of Shneiderman’s 8 golden
rules, designers were asked to evaluate the positive and negative aspects of the
environment. Within the scope of the quantitative evaluation questionnaire,
the designers rated the relevant items on a scale of 1 to 5.

4. RESULTS AND DISCUSSION

The designers generally evaluated the interface they used as a useful and free
environment. It has been said that the dominance of design has increased
thanks to the virtual environment, and the 3D experience has changed the
designer’s perspective and created a good experience environment. Thanks to
the easy interface, the designers could complete the work even though they did
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not have high program knowledge.

On the negative side, the designers initially experienced adaptation problems
as they went out of the environment they usually work in, but later stated
that they adapted to the environment. Another negative evaluation was that
while the environment seems very positive on the modular design scale, it was
considered challenging as it turned toward complex designs. In addition, it
has been stated that the reflection of the algorithmic modelling environment,
which was used for simulation applications in the virtual environment, to
the virtual environment was weak compared to the general study. Another
negative aspect is that, as seen in the survey, the interface used in the study
does not provide informative feedback. This situation causes the design to be
disconnected from reality at some points (Table 1).

Table 1: Survey study with 8 Golden Rules of Shneiderman (2010)

Golden Rules of Shneiderman D1 D2 D3
1 Strive for consistency 4 5 4
2 Enable frequent users to use shortcuts - seek universal usability 5 4 5
3 Offer informative feedback 1 1 1
4 Design dialogs to yield closure 5 4 4
5 Offer simple error handling 5 4 4
6 Permit easy reversal of actions 5 4 5
7 Keep users in control 5 4 5
8 Reduce short-term memory load 5 5 5

5. CONCLUSION

Within the scope of this research, a study is conducted in the VR environment
for the use of conceptual design and performance simulation. A workflow for
modular designs defines this new environment. Different users evaluated the
proposed environment in a case study, driven by Shneiderman’s (2010) golden
rules and by the personal opinions of designers.

The designers defined the working environment as easy-to-use, understandable,
and flexible. Although the designers’ ideas about the environment were
generally positive, it has been stated that the environment could be challenging
as the designs become more complex and the designer’s time spent in the
virtual environment increases. For the later stages of the study, the designers’
feedback will be studied, and improvements will be made in this direction.

The study aims to use the virtual environments both for design and simulation
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purposes by going beyond the wide use of the virtual environments restricted
by interaction and experience. This environment, which was created by
combining various applications and plug-ins without the need for frequent
transitions between digital and virtual environments, will be further
investigated. Future studies will focus on transferring complex geometries and
simulation environments into the virtual environment.
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Abstract

This research explores the potential of using adobe-hemp composite materials
in the construction of long-span structures. The study begins by examining
the mechanical properties of adobe-hemp composite materials, specifically
the effects of different ratios and combinations of adobe and hemp on the
compressive and flexural strength of the composite. An optimal proportion
and distribution of hemp in the composite material is also identified. In the
digital fabrication phase, two different mixture prescriptions of adobe and
hemp are blended to create material prototypes. The computational design
model used in this study involves three stages: conceptual design, analysis,
and optimization. The “RhinoVault2” add-on operated at the “Rhinocerosy
Grasshopper algorithmic modelling environment” is used for the early design
process, allowing for the generation of a vault-like form from projected surfaces.
The Finite Element Method (FEM) analysis, undertaken by the “Karamba3D”
plug-in, is undertaken for detailed analysis, which includes the simulation of
deformation, loads, and supports of the system with the parameters of material
and environment. The results of this study suggest that adobe-hemp composite
materials can be used in the construction of long-span structures with the aid
of digital fabrication and computational design. This approach enables the
optimization of the design process and the creation of complex and efficient
structures that are sensitive to environmental factors. The results indicated that
more clay and hemp fibers in the mixture increase the resilience and flexibility
of the material produced. The study also highlights the need for further research
on the long-term durability of adobe-hemp composite materials, particularly in
relation to environmental factors such as moisture and temperature. Future
studies could also explore the potential of using adobe-hemp composite
materials in combination with other sustainable building materials to further
enhance the performance and sustainability of construction practices.

Keywords: Adobe-hemp composite materials, Long-span structures,
Structural analysis, Digital fabrication, Computational design, Sustainability
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Kerpi¢-Kenevir Karisiminin
Hesaplamali Tasarimi ve
Uretimine iliskin bir Yontem
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Ozet

Bu aragtirma, uzun agiklikli yapilarin insasinda kerpi¢-kenevir kompozit
malzemelerin kullamim potansiyelini irdelemeyi amaclamaktadir. Calisma,
kerpic-kenevir kompozit malzemelerin mekanik 6zelliklerini, 6zellikle
kerpi¢ ve kenevirden olusan farkli oran ve kombinasyonlarin, kompozitin
basing ve egilme dayanimi iizerindeki etkilerini inceleyerek baslamaktadir.
Kompozit malzemede kenevirin en uygun orani ve dagilimi da belirlenir.
Dijital iiretim asamasinda, kerpi¢ ve kenevirden olusan iki farkli karisim
recetesi harmanlanarak malzeme prototipleri olusturulur. Bu calismada
kullanilan hesaplamali tasarim modeli {ic asamadan olugsmaktadir: erken
tasarim, analiz ve optimizasyon. “Rhinoceros7 Grasshopper” algoritmik
modelleme arayiiziinde calisan “RhinoVault2” yazilim eklentisi, erken
tasarim stireci i¢in kullanilmakta olup, yansitilan yiizeylerden tonoz benzeri
bir formun olusturulmasina olanak tanminmaktadir. “Karamba3D” eklentisi
tarafindan yiiriitiilen Sonlu Eleman Yontemi, malzeme ve cevre parametreleri
ile sistemin deformasyon, ylik ve desteklerinin degerlendirmesini iceren
ayrintili analiz i¢in kullanilmaktadir Bu calismanin sonuclari, kerpic-kenevir
kompozit malzemelerin hesaplamal tasarim ve dijital fabrikasyon yardimiyla
uzun aciklikli yapilarin yapiminda kullanilabilecegini gostermektedir. ilgili
yaklasim, tasarim siirecinin optimizasyonunu ve cevresel faktérlere duyarl,
karmagik ve verimli yapilarin olusturulmasim saglar. Sonugclar karisimdaki
kil ve kenevir lifi kullanim oranlarinin, iiretilen malzemenin dayanikliligini
ve esnekligini artirdigini gostermektedir. Bununla birlikte, ¢alisma, 6zellikle
nem ve sicaklik gibi ¢evresel faktorlerle ilgili olarak, kerpi¢-kenevir kompozit
malzemelerin uzun vadeli dayanikliligi hakkinda daha fazla arastirma yapilmasi
gerektigini de vurgulamaktadir. Gelecekteki calismalar kapsaminda, ingaat
uygulamalariin performansini ve siirdiiriilebilirligini daha da arttirmak icin
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diger siirdiiriilebilir yap1 malzemeleriyle birlikte kullanim potansiyellerinin
aragtirilmasi ongoriilmektedir.

Anahtar Kelimeler: Kerpic-kenevir kompozit malzemeler, Uzun
agiklikli yapilar, Yapisal analiz, Dijital fabrikasyon, Hesaplamali tasarim,
Stirdiiriilebilirlik
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1. INTRODUCTION

The use of adobe as a building material continues till nowadays from ancient
civilizations, with examples still standing today in regions such as the Middle
East and South America. Adobe is a traditional building material made of
clay, soil, and straw which has been used for thousands of years according
to its availability and durability (Dawood et al., 2021, Alrashed et al., 2017).
In recent years, the use of sustainable and eco-friendly materials in the
architectural design and construction sector has gained increasing awareness
due to environmental concerns besides economic and social benefits. One of
the materials that has received growing interest is an adobe-hemp composite, a
mixture of hemp and clay-based blend. This vernacular composite material has
shown potential as a sustainable substitute for traditional building materials
due to its low carbon footprint and ability to provide insulation and thermal
regulation while also being cost-effective (Nguyen et al., 2019).

In the last decade, there has been an increasing interest in integrating adobe
with hemp fibers to create a composite material that has the potential to
fulfill the needs of construction technologies and architectural design as a
sustainable building material. Hemp fibers are a renewable and eco-friendly
material that has been used in the construction industry for their insulation
properties, ability to regulate temperature and humidity levels, and versatility
as a construction material (Ahmed et al., 2022). Research has shown that
hemp fibers can improve adobe’s compressive and flexural strength while
also providing thermal insulation to buildings (Ramakrishnan et al., 2021).
Furthermore, adobe-hemp composite has a lower carbon footprint than
traditional building materials such as concrete. To achieve the desired material
properties of the adobe-hemp composite, researchers have experimented with
different ratios and combinations of adobe and hemp (Shahzad, 2011, Dhakal
et al., 2020). In addition to the use of hemp fibers as a reinforcing material for
adobe, the mixture ratios used in the composite also play a significant role in
determining its mechanical properties and durability. Previous research has
shown that the use of nano clay-cement composites as a binder can improve the
interfacial bonding between hemp fibers and the matrix, leading to improved
mechanical properties and durability of the adobe-hemp composite (Nugraha
et al., 2022).

While there have been some studies on the addition of hemp to adobe in
building technologies research, there is still a need for continued investigation
into the potential of adobe-hemp composite as a sustainable building
material. Additionally, further research is needed to investigate the optimal
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combinations and ratios of adobe and hemp to achieve the desired material
properties for structural applications. Although the combination of the mixture
can be affected by environmental effects like humidity or precipitation, the
adobe-hemp composite is able to adapt to different conditions without losing
its integrity and structural capabilities. The use of adobe-hemp composite as
a sustainable building material has the potential to offer a solution to many
current environmental and economic issues (Lotus, 2022). The use of adobe-
hemp composite also proposes an opportunity to reduce the environmental
impact of traditional construction materials by restricting greenhouse gas
emissions associated with production and transportation (Christoforou et al.,
2016). Given the potential of adobe-hemp composite as a sustainable solution
to many environmental and economic issues, further research is required to
optimize its use for construction applications.

The use of computational design and fabrication techniques in the
development of adobe-hemp composite materials are critical for achieving
optimized properties and creating sustainable building solutions. Through the
use of computer simulations, designers can arrange the physical and chemical
properties of adobe-hemp composite materials to meet specific performance
requirements. Computational design tools are diversified to achieve enough
complexity to test and understand material properties in different forms and
formations. This method can also be used to create complex shaped structures
that may not have been possible with traditional construction methods.

This research aims to explore the potential of the computational design
and digital fabrication of adobe-hemp mixtures as a vernacular composite
material. In this process, the material properties and mixture prescription will
be investigated. Then computational design and analysis tools will be operated
to achieve an optimized solution. Lastly, the transition from the digital to the
physical environment will be conducted with digital fabrication tools to achieve
sustainability goals. The integration of material properties with digital design,
analysis and digital fabrication tools are explained in the methodology section.
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2. METHODOLOGY

The methodology consists of three main stages including (1) understanding
material properties, (2) establishing the computational design model, and (3)

Do
prescriptions

digital fabrication and physical modelling (Figure 1).
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Figure 1: Workflow of the methodology

2.1. Understanding Material Properties

The development of adobe-hemp composite materials has been the subject
of several studies. For instance, investigation of the effects of different ratios
and combinations of adobe and hemp on the mechanical properties of the
composite material. They found that the addition of hemp fibers improved the
compressive and flexural strength of the composite, with higher ratios of hemp
resulting in greater improvements in these properties (Alrashed et al., 2017).
Similarly, the study of the properties of adobe-hemp composite materials
with different proportions of hemp identified an optimum proportion and
distribution for enhancing the mechanical properties of the composite material
(Gioffré et al., 2021).

Before the digital fabrication phase, a need of material mock-up is necessary. In
this process, two different mixture prescriptions are blended. To differentiate
and understand the potentials of the hemp fibers the ratio in the mixture is
alternated. To create standard mock-up experiment is created in the same
volume and with identical materials in the same environmental conditions. As
a standard 15 cm x 15 cm x 5 cm blocks are produced.

The first prescription contains a mixture of; 1.5 It soil (450g), 600g clay, 1.5
m of hemp fibers, and 1.51t water (1500g). As a first step, the 200g of clay was
shredded into pieces and mixed with 150g of soil particles and 500g of water.
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After this process, 0.5m of hemp fibers were mixed with hands. The process
is repeated 3 times to make a blended humid mixture that can be shaped by
hand. As a final process, the mixture is straightened up by a metal sheet to
make a smooth surface without cracks and waited to dry. The density of the
mixture is 2311.1 kg/m3 according to weight is 2600g and volume of 1125¢cm3.

The second prescription contains a mixture of; 1.2 1t soil (360g), 9oog clay, 3
m of hemp fibers, and 1.51t water (1500g). As a first step, the 450g of clay was
shredded into pieces and mixed with 180g of soil particles and 750g of water.
After this process, 1.5 m of hemp fibers are mixed with hands. The process
is repeated 2 times to make a blended humid mixture that can be shaped by
hand. As a final process, the mixture is straightened up by a metal sheet to
make a smooth surface without cracks and waited to dry. The density of the
mixture is 2542.2 kg/m3 according to weight is 2860g and volume of 1125cm3
(Figure 2).

s - L] N0

Figure 2: Production process of Adobe-Hemp prescriptions

After 2 days, the drying process is completed. 2 samples are removed from the
molds and tested. 2 tests are applied to the sample mixtures: fragility test and
dropping test. The first test is to understand the brittle behavior of the sample
by opening a circular hole on the surface. While the circular shape penetrates
through the surface the layers of adobe either disperse or become solid. For
the sample experiments, the first prescription has a more brittle behavior than
the second prescription. The second test is for understanding integrity. The
standard 4m height is the standard height for this project. While the second
sample has lost %15 of the total volume, the first sample has lost at least %30
of its total volume. After the application of these tests, it can be stated that
more clay and hemp fibers in the prescription can increase the resilience and
flexibility of the material produced.
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2.2 Establishing the Computational Design Model

The process starts with the form finding process. The “RhinoVault2” program
in “Rhinoceros7” is used to research structural form findings using the
Thrust Network Analysis (TNA) approach to intuitively create and explore
compression-only structures. The program aids in generating a vault-like form
from projected surfaces. In that case, a 20m-to-20m surface has been selected
to test the adobe vault within a long-span structure and unusual structural
elements. The surface is divided through points to choose critical locations of
the support and boundaries of the vault system. Right after critical points are
generated the curves generate themselves with a percentage. The percentage
not only informs the geometry but also affects the structural quality and limits.
When this process and selection are done, the force diagram is created to show
the structural loads on a 1-100 scale and identifies overload, it also, work as
a pre-interface for structural quality. Horizontal and Vertical Equilibrium is
applied to the final geometry to be produced. The final geometry works as
mesh surfaces, furthermore, the height of the surface is generated according to

the structural capabilities of the vault (Figure 3).

Figure 3: Form research & form finding phases in “RhinoVault2”

After the model generation steps the need for detailed analysis is necessary to
understand material properties within the parameters of real environmental
forces. The Finite Element Method (FEM) analysis undertaken by “Karamba3D”
plug-in represents deformation, loads, and supports of the system with the
parameters of material, environment. The analysis including model view has
settings to measure deformation, reactions, loads, and supports. Moreover, the
program marks the critical areas in the structural system that can be needed
revisions in the thickness or overall form. Although the simulations and design
process prove that the digital model will function in real life, it is not enough
to build up (Figure 4).
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Figure 4: “Karamba 3D” structural performance analysis model and output of shell
structure

The complexity level of surface tessellation is not optimized because of the
randomness that comes “RhinoVault2” program itself. The divisions of panels
are generated arbitrarily to define structural integrity. To achieve economic
and simple tectonic features, the division of surface panels is needed to be
optimized. Paneling Tool and Lunchbox are the main plug-ins to optimize and
revise the surface. With the help of the Gaussian curvature calculations, the
point on curves is relocated on the surface while divided with triangle panels
to keep the smoothness of the surface.

Additional to the division of the surface, the thickness of the shell structure is
revised, and extrusion of the surface is determined by structural parameters.
After all those speculations on the digital model, the final structure was again
analyzed with “KarambagD” to prove the final form.

2.3 Fabrication and Physical Modelling

When the design and optimization are finalized, the prototyping process is
undertaken. To test the composite material, material mixtures are produced.
The prototyping process starts with the 3D printing process. The printing
settings are set up according to the needs of the detail level of the model. The
printing quality, wall thickness, infill, support density, speed, and heat levels
are identified. The “Creality CR-10S5” 3D printing machine is used during the
printing process according to achieve precision. The complete printing process
takes 8 hours to finish. The 1/100 model prototype and 1/10 partial parts are
printed as early trials. The trials give initial ideas about how the product will
be produced (Figure 5).
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Figure 5: 3D printing of the shell structure

The fabrication of a partial 1/1 prototype is aimed to test the structural quality of
the real-life model. For production, the recipes are identified and differentiated
to compare and contrast the material quality. The transition from virtual to the
real life of an unusual form of adobe-hemp vault needs specific solutions for
fabrication. In the first phase, the creation of a homogenous blend of adobe-hemp
composite is important to achieve an internal structure of the material. Proper
mixing movements are necessary to achieve most of the structural pieces in one
bash. Right after the mixture the blend can be poured into several same molds.
To differentiate each and every piece a subtractive strategy can be adopted. The
semi-dried shapes are easily cut by wires to be shaped. Practices of adobe-hemp
which includes sub-particles can be fabricated with this method (Figure 6).

Figure 6: Cutting pattern and sample panel

3. RESULTS AND DISCUSSION

After brittleness and drop tests were performed, it was observed that the
adobe-hemp composite material with higher clay and hemp fibres ratio in
the second recipe showed higher strength and flexibility than the first recipe.
These results show that the addition of more clay and hemp fibres can improve
the mechanical properties of the adobe-hemp composite material.
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The computational design model was generated by using RhinoVault2 and
KarambagsD plug-ins to create and analyze the form and structure of an adobe-
hemp composite vault system. The FEM analysis conducted using Karamba3D
plug-in underlined the feasibility of the digital mode. The simulation results
identified the critical areas in the structural system that needed revisions
in thickness or overall form. The adobe-hemp composite materials can be
effectively used in creating large-scale structures with long spans with pre-
designed structural elements.

The fabrication and construction process involved the use of a wire to fabricate
the pieces for the vault made out of the adobe-hemp composite material. The
adobe-hemp composite material was relatively fast and easy to mold, as well
as being structurally stable. The construction process involved the assembly of
the formwork, the placement of the adobe-hemp composite material, and the
removal of the formwork. The final structure was found to be stable and able to
support its own weight without any additional support.

4. CONCLUSION

In conclusion, the adobe-hemp composite material offers a sustainable
solution for building materials that can improve the mechanical properties of
structures while being environmentally friendly. The research focused on the
use of adobe-hemp composite material to create an efficient and structurally
stable vault system.

The research findings showed that higher clay and hemp fiber ratios in the
adobe-hemp composite material can improve its mechanical properties,
making it stronger and more flexible. Additionally, the study demonstrated
that computational design models and FEM analysis can be used to optimize
the form and structure of adobe-hemp composite systems prior to construction,
improving overall efficiency and stability. Furthermore, the fabrication and
construction process of adobe-hemp composite material proposes to be
relatively fast, easy to mold, and structurally stable. Therefore, this material
has the potential to change construction practices by providing a cost-effective,
environmentally friendly alternative to conventional building materials.
Moreover, the adobe-hemp composite material provides an opportunity to
promote sustainable practices in the construction industry.
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VR Ortamlarinda Arastirma Yortingelerini
Kesfetmek: Uzamsal Yetenek ve
Mevcudiyet Uzerine Sistematik
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Ozet

Sanal ortamlar, aragtirmacilara deneysel kosullar1 ve protokol calismalarini
standart hale getirmek i¢in bir platform saglar. Aragtirmacilar, biligsel
aragtirma alanlarinda belirli konular1 aragtirmak icin sanal gercgeklik ortamini
kullanabilir ¢iinkii gorsel veisitsel sinyaller, sosyal vedavranigsal alanlarda gorev
parametreleri gibi ¢esitli yonlerin manipiilasyonu gergek ortamda oldugundan
dahakolaydir. Bunedenle bu alanda prospektif calismalarin sayisi her gegen giin
artmaktadir. Davranig bilimi, tasarim bilisi baglaminda tasarim siireci ile iligkili
olarak incelenmekte olup, son yillarda oyun tasarimi aragtirmalarinda uzamsal
bilig ile ilgili olarak 6n plana ¢ikmaktadir. Sanal Gerceklik(SG) ortaminda
calisilan uzamsal bilig arastirma alanlar1 incelendiginde, 6grenme, gezinme ve
sosyal etkilesimin baskin oldugunu ortaya koymaktadir. Artan goriintii kalitesi,
dokunsal geri bildirimler ve sensor teknolojileri ile mekén illiizyonunu ve
icine daldirmay1 artiran SG bagliklarinin gelistirilmesiyle mevcudiyet kavrami
Oonem kazanmaktadir. Literatiirlin bu kapsamda incelenmesi, sanal gerceklik
ortamlarinin gelisimini uzamsal bilis calismalar1 baglaminda incelenmektedir.
Literatiir taramasi, mekénsal mevcudiyet kavraminin bu alanda daha az ilgi
gordiiglinii ortaya koymustur. Bu nedenle konunun yillar i¢indeki gelisimi
ayrintili olarak ortaya konulmaya calisilmistir. SG ortamlarinda uzamsal
yetenek ve mevcudiyet arasindaki ikili baglantinin iligkisi, veri madenciligi
yontemleri kullanilarak aragtirilmaktadir. Bu ¢alismada veri madenciligini
kullanmanin motivasyonlarindan biri, sistematik incelemeye yeni bir bakis
agist kazandirmaktir. Bu ¢alisma kapsaminda Scopus ve Web of Science veri
tabanlar1 olusturulan ana konu ve yan konseptleri iceren kelime dizileriyle
aramalar yapilarak literatiirdeki caligmalar bir dosyada derlenmistir. Derlenen
caligmalarin Ozetleri, Rapidminer uygulamasi kullanarak kelime bazinda iligki
kurallar1 ¢ikarilmistir. Yillar gectikce calismalarin azaldigl, arastirmacilarin
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aragtirma yontemini degistirmeyi tercih etmis olabilecekleri, bazi kelimelerin
literatiirde kullaniminin artmasi, arastirmalar kapsaminda bazi testlerin
yapilmis olabilecegi elde edilen tek tek okunmasi yerine otomatize edilip elde
edilen sonuglar {izerinden taramaya gidilmesi onerilmektedir. Bu ¢alisma
kapsamindaki makale sayisinin az oldugu diisiiniiliirse, bu yontemle ¢ok
daha kapsaml literatiir taramalarinin zaman kazandiracag, gelecege yonelik
tahminlerde bulunmada basaril olabilecegi de g6z 6niinde bulundurulmahdar.

Anahtar Kelimeler: Uzamsal yetenek, Uzamsal varlik, Veri madenciligi,
Sanal gerceklik, Sanal gerceklik oyunu
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Exploring the Research
Trajectories in VR
Environments: A Systematic
Review on Spatial Ability and
Presence
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123|stanbul Technical University
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Abstract

Virtual environments provide researchers with a platform for standardizing
experimental conditions and protocols. To investigate specific research
concerns on behavioral studies, researchers may use a virtual reality
environment because the manipulation of various aspects, such as visual and
auditory signals, social interactions, and task parameters are easier than in
a real environment. For this reason, the number of prospective studies in
this field increases daily. Behavioral science has been studied in the context
of design cognition in relation to the design process, in recent years, it has
gained prominence in relation to spatial cognition in game design research.
Examining the spatial cognition research areas studied in the VR environment
reveals that learning, navigation, and social interaction predominate. The
notion of presence has gained importance with the VR headsets development
which increase the place illusion and immersion with the increased display
quality, haptic feedback, and sensor technologies.

This comprehensive review of the literature examines the development of
virtual reality environments in the context of spatial cognition studies. The
literature review revealed that the concept of spatial presence has received
less attention in this field. For this reason, an effort has been made to present
the subject’s treatment over the years in detail. The current of dual link
between spatial ability and spatial presence in virtual reality environments is
investigated using data mining methods. One of the motivations for using data
mining in this study is to give the systematic review a new perspective. Within
the scope of this study, a file of research articles from the scientific literature
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was compiled by searching the Scopus and Web of Science databases with
word strings comprising the main topic and subthemes. Using the Rapidminer
application, the abstracts of the compiled studies and the word association
rules criteria were created. This field’s prime age of research occurred in the
10s. This may hinge on the headsets’ technological progress. It is possible
that the number of studies has decreased over the years, that researchers may
have opted to change their research methods, that the use of certain words
in the literature has increased, and that some tests (pre-post) may have been
conducted within the scope of research. Instead of manually reading the
results, it is possible to automate and scan the databases. Taking into account
the small number of articles within the scope of this study, it should be noted
that more exhaustive literature searches using this method will save time and
result in accurate future predictions.

Keywords: Spatial ability, Spatial presence, Data mining, Virtual reality,
Virtual reality game
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1. INTRODUCTION

The integration of virtual reality tools into daily life has accelerated through
technological developments, especially with the marketing strategies gaming.
Virtual Reality (VR) headsets used in research laboratories in the 9os have
become one of the technologies accessible to society within two decades.
Accordingly, the virtual environment, which was questioned through the
concepts of simulation, representation, and reality, started to be questioned
through the sense of existence with the increase in experiences in the virtual
world. While the sense of presence in these environments is being studied
through the definition of reality in terms of cognition, perception and ability/
skill issues have started to gain importance, especially for design-oriented
research areas.

Virtual reality technologies can potentially improve spatial ability and provide
spatial awareness through immersive and interactive experiences. In this
context, it is crucial to investigate the concepts of spatial abilities and spatial
presence and the relations of these concepts in the virtual reality environment
within the scope of cognition and game development matters. Virtual
environments provide a unique opportunity to study spatial capabilities
because of their ability to manipulate objects in a controlled and configurable
environment.

While behavioral science has been being studied in the context of design
cognition in relation to the design process, design thinking, and design
education, it has started to come to the forefront concerning spatial
cognition in game design research in recent years. Game design in virtual
environments is a multidisciplinary field. The production of virtual spaces
in game design is directly related to architectural design. The production of
this environment includes different approaches in terms of architectural
methods. Architectural spaces are designed within the framework of the
game’s qualification/essence and needs. As the study of developments in VR
games occurs in multidisciplinary areas, it can potentially reveal unexplored
spatial relationships from both cognitive and architectural frameworks. The
measurement of the spatial quality of the games developed in this context is
also related to the spatial presence matters. The created environment can be
transformed through the concept of presence and the game environment can
be developed to support this.

This study examines the trajectory of virtual reality environments in the
context of spatial cognition research through a systematic literature review
methodology. The state of the dual relationship between spatial ability and
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spatial presence in VR game environments is examined using data mining
methods. Revealing the fields and methods of researching the relationships is
essential to identify gaps in the field and potential future research areas. The
relationships of the resulting literature data will be mapped and visualized,
and research trajectories will be represented on a diagram. The visualization
of literature data will serve as input for future studies at the intersection of
architecture, virtual reality, gaming and spatial cognition.

Table 1: The structure of search terms identified from the literature.
(Source: authors)

Table 1.  Structure of search terms

. independent dependent intervention targered subskills
domain : !
variable variable
design diff. media presence game spatial
types development visualization
cognition dif. mediated immersion SP test spatial
environment development orientation
education gender cybersickness HMD vs. Desktop  spatial
relation
gaming game enjoyment diff. SP Tests perspective
experience taking
sound & video interaction diff. media navigation
quality time types
mental
imagery

2. THEORETICAL BACKGROUND
2.1. Virtual Environments

“Virtual” is typically defined as an adjective that suggests something is almost
accurate or considered valid. The current definition of virtual reality (VR) is
an artificial environment, experienced through sensory stimuli provided by a
computer. This definition can be applied to various activities. Still, modern
VR typically refers to experiences that take place while the user is donning a
head-mounted display or headwear (Coyne et al., 2019). In computing, virtual
objects are generated to mimic natural objects found in the physical world.
Virtual environments are computer-generated representations of either real
or imaginary worlds. These digital environments are designed to replicate the
appearance and behavior of physical environments, allowing users to interact
with them as they would interact with the real world. Virtual Environment
(VE) delivers more precise and comprehensive spatial information than
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previous virtual environments, such as computer screens and augmented
reality settings. This technological innovation may enhance viewers’ spatial
awareness, resulting in more precise mental representations.

The use of virtual reality technology has expanded across various fields, including
entertainment (Arrighi et al., 2021), gaming (Seibert & Shafer, 2017; Toth et al.,
2020; Roij, 2021), education and learning environments (Chang et al., 2017;
Bilgin & Thompson, 2021; Breves & Stein, 2022), and military training (Bhagat
et al., 2016). These domains, variables, and interventions can be examined in
Table 1 below. Virtual reality allows users to experience situations that may
be dangerous, costly, or unfeasible to experience in real life. This technology
can simulate medical procedures, military training exercises, or even travel
to remote or inaccessible locations. For instance, VR can provide a realistic
simulation of an operation or take users on a virtual trip to a distant location.

2.2. The Development of Headsets

A virtual reality headset is a new form of human-machine interaction that
transcends the keyboard, mouse, and even the touch screen. With the
developments of Oculus Rift headsets, instead of relying on a mouse or
analogue stick to control your view in a game, the head tracker continuously
analyzes the player’s head movement and uses it to control the view. This
creates a completely natural method of observing the environment, a crucial
element of immersion (Desai et al., 2014).

Google Cardboard, Google Daydream, Oculus Quest 2, and HTC Vive are
virtual reality headsets. To enhance the immersion and provide place illusion
as Slater mentioned in 2009, the headset should provide high-quality
computer-generated visual data and precise head and body tracking. In March
2014, Facebook announced Oculus and released Oculus Rift in 2015 (Meta,
n.d.). HTC Vive headset and community were awarded in 2015 when they
just release their first headsets (HTC VIVE, 2015). Recent advancements in
video card technology have made it possible to create VR headsets with high-
resolution visual displays (Coyne et al., 2019). For instance, Meta recently
released an update for their headsets that can identify your hand even when
the remote controller is disconnected. These developments lead to behavioral
studies in VR Environments.

2.3. Spatial Ability Studies in VR

Spatial skills refer to a range of cognitive functions that allow individuals to
comprehend, remember, and manipulate spatial information and relationships
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in space. According to Gardner (2011), spatial skills are crucial for successfully
managing cognitive tasks, such as imaging and reasoning about changes in
spatial positions.

These skills are very crucial for many domains and occupations. The former
studies that investigate spatial ability in the VR environment focused on
navigation and wayfinding (Chen, 1995; Areke et al.,, 2022), perspective-
taking ability (Chang et al., 2017), spatial visualization (Guzsvinecz et al.,
2022), mental cutting (Chang et al., 2017), compatibility and the possibility of
teaching spatial abilities (Ben-Zeev et al., 2020).

2.4. Spatial Presence Studies in VR

The sense of occupying a virtual space while mentally being a part of the virtual
world might be described as “presence” (Cummings & Bailenson, 2015). The
immersion in the Virtual Environment (VE) may result in presence, defined as
afeeling of “being there” (Slater et al., 1994). Although presence may be studied
in three subcategories: physical presence (spatial presence), self-presence, and
social presence (Lee, 2004), we concentrated on spatial presence.

Coxon et al. investigate the link between spatial ability and spatial presence by
using a computer-mediated environment and HMD in 2016 and found that self-
report measures were associated with spatial presence, while objective testing was
not, as Hartmann et al. clarified while developing SPES Questionnaire in 2016.

2.5. Behavioral studies in VR

To investigate the influence of the surroundings or intervention on behavior,
researchers prefer to set up a simulation to avoid losing money (Shwebel et
al., 2008) or because it may be difficult to control outside the lab (Ledoux et
al., 2013). Mockups, sketches, photographs, models, and immersive virtual
environments (IVEs) are examples of potential simulations which can be
controlled environmental by manipulation examples (Neo et al., 2021).

Researchers may immerse individuals in fictitious environments and explore
their reactions to controlled environmental alterations with VR. The benefits
of virtual reality as a tool for social science research were anticipated by
Blascovich and colleagues as early as 2002.

Behavioral research, such as investigating avoidance behavior (Binder and
Spoormaker, 2020) and diagnostic assessments are conducted in a virtual
reality environment Maneuvrier and Westermann studied whether personal
characteristics influence the perception of presence in virtual reality (2020).
There are diverse perspectives on gender factors in terms of VR game
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experiments. Although some researchers contend that gaming experience and
geographical presence have no correlation and no impact (Bilgin & Thompson,
2022), others have shown the effect via their trials.

data preparation,

: and evaluation of data data mining involves generating word
Duplicates are - - : .
e from the title, keywords, associations for creating the mapping

g and abstracts
Identification  Screening Eligibility Data Sorting Data mining

sorting data based on

selecting proper articles binary terms to establish
from the created binary appropriate subgroups

data gathering by using the searching terms

following strings below .
— 5 Inclusion

- — — —5 Exclusion

Figure 1: The phases of the cross-disciplinary evaluation
(Source: authors)

3. METHOD

To reveal the trajectories in the literature, the cross-disciplinary evaluation
method was adopted as co-word mapping via data mining (Yazar&Uysal,2017;
Yakut & Kavakoglu, 2022). The study contains six phases, (1) identification, (2)
screening, (3) eligibility assessment, (4) data sorting, (5) data mining, and (6)
mapping. High-order databases Scopus and Web of Science are used for data
gathering by using the following strings below which are divided into notions.
The reference management software Zotero was used to re-organize all selected
citations during the screening phase while(2) data preparation, selection and
evaluation from the title, keywords, and abstracts. Eligibility assessment covers
selecting proper articles from the created binary searching terms and after this
phase, the data is sorted on binary terms to establish appropriate subgroups.
According to the revealed subgroups word associations are generated via
data mining to create the ingredients of mapping. Keyword analysis and data
mining techniques highlighted the discrepancies and absences in the relevant
literature on the spatial ability, spatial presence and VR gaming phrases.
Figure 1 depicts the procedures for the structure of the study.
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3.1 Search Strategy: Identification and De-duplication

As shown in Table 2, we organized our search phrases into three string categories
that correspond to the different facets of our study issue. In general, search
phrases were used for titles, keywords and abstract fields, and the largest date
range allowed by each database was utilized. Where feasible, only English results
were returned in search results. A total of 55 items were collected, 16 articles
gathered from Scopus and 39 articles from Web of Science for phase 1 as an
identification part. 16 articles have been removed in the de-duplication so far.

As shown in Figure 2, Search 1 contains string 2 and string 3 which will show
relations between spatial presence and VR gaming, Search 2 contains string 1
and string 3 which will show relations between spatial ability and VR gaming,

Search 3 contains all the strings and interdisciplinary areas for VR game
industry. Figure 2 also illustrates the number of published articles in two
databases in 2023 of March proportionally with the diameter of the circle
according to database scanning of concepts.

Table 2. the strings combination for databases.
T Search 1
keywords synonyms broader terms narrower terms

spatial ability spatial skill spatial capability spatial orientation
spatial aptitude spatial spatial relation
performance mental imagery
mental rotation

Search 3

string 1

spatial presence presence Search 2
telepresence**

<+«—and —

VR game virtual reality game VR game environment
artificial reality game  gaming environment
virtual worlds
virtual environment

string3  string 2

Table 2: The strings combination for databases (left)

Figure 2: The illustration of the number of articles found in searches in Web of Science
(right). (Source: authors)

3.2 Screening and Eligibility

In the word group queries conducted on the databases, 33 articles were
eligible after 7 articles were removed due to the irrelevant research areas.
This elimination part contains subjects such as the medical and psychological
studies. 33 articles that remained are 23 from Web of Science (WoS), and 10
articles from Scopus. These articles were published between 1996 and the
present. Most of them are associated with engineering, technology, psychology,
and architecture. These articles were stored in an Excel file with the year, title,
keywords, and abstracts, and then these two databases’ articles were merged.
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Figure 4: The steps of the process of the association rules in Rapidminer.
(Source: authors)

WOS database contains more articles about the subject than Scopus,
respectively 23 and 10. In the past five years, fewer articles have been written
about this topic, 20 articles before 2018 and 13 articles after 2018.

3.3 Data Sorting and Data Mining

We begin by uploading the articles collected into the Rapidminer data mining
application with the Read Excel command which provides scanning data from
the Excel file and sorting them through the frequency of occurrence in the
abstracts. In the third step, depicted in Figure 4, the data are pre-processed.
This phase may consist of data purification, tokenization, stop word removal,
and stemming. These stages aim to reduce noise in the dataset and convert it to
a more functional format for data mining operations. In order to conduct a co-
word analysis to provide data sorting, it is necessary to establish an association
rule. The association rule is a method for identifying patterns of relationship
between words or phrases in a corpus of text (Yakut & Kavakoglu, 2022). In
the fifth step, Rapidminer analyses extracted words from the Excel table to
find significant patterns. The application found 172 significant association
rules by using FP-Growth which is an algorithm to find out common patterns
determined by pattern fragment growth. In the association rules, the highest
and the most meaningful word combinations are set as rules to investigate the
literature to reveal trajectories by authors’ selection.
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Table3: Association rules comparison chart and overall support values through decades
(Source: authors)

association term groups support 90's 00’s 10's 20’s

rule no values
rl presence - virtual - environment 0.727 il 4 ale) 5
r2 presence - virtual - spatial 0.697 1 4 12 4
r3 presence - virtual- results 0.545 il 2 8 3
r4 presence - environment - spatial 0.545 1 4 11 4
r5 presence - environment- result 0.515 1 2 9 3
r6 presence - virtual- reality 0.485 0 0 10 5
r7 presence - virtual - stud* 0.424 0 3 8 5
rg presence - virtual - participants 0.424 0 3 10 1
r9 presence - virtual - performance 0.394 0 3 10 1
rl0 presence - environment - reality 0.394 0 0 9 5
(raLil presence - virtual - environment - result 0:515 0 0 9 5
rl2 presence - virtual- environment- spatial 0.545 1 4 11 4
rl3 presence - virtual- environment - task 0.364 1 4 6 0
rl4 presence - virtual - environment - participant 0.364 0 3 8 1

5 presence - virtual - spatial - performance 0.333 i 4 5 0

3.4 Review: Mapping the Trajectories

The support metric quantifies the frequency in a given set of items that appears
in a dataset. Therefore, the greater the support value of an item set, the greater
the occurrence of that item set in datasets. Moreover, the lift metric indicates
not only the frequency in which an item set is viewed, but also its uniqueness
relative to other item sets. We will mainly focus on support and lift values
to compare the rules in the given data sets to find out trajectories about the
cognitional studies in VR environments to reveal the trends and possible gaps
in the literature containing connections between VR gaming environments
and spatial cognition. If we examine Table 3, we find there may be interesting

” &

connections and tendencies among the three keywords “presence,” “virtual,”

2

“environment” and “spatial.” “Presence” and “virtual” are frequently
associated with virtual reality and augmented reality technologies. In addition
to that, phrasal co-words such as participant, result, performance and study

are more prevalent. Based on this, we can conclude that investigations in this
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field are conducted with a study and an endeavour is made to contribute with
participant data.

. presence
support 5
environment
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Figure 5: Linear triple co-word analysis (Source: authors)

Within these collections, the 15 most frequently used rules are listed according
to Table 3. The relationship between all the concepts, r6, and r10 appears to
have been the subject of more articles in recent years. It can be said that these
concepts are more popular than the others. In the table, “result” has a significant
percentage, it can be argued that researchers reveal their experiment results in
the abstract to give information to its readers.

In general, “task” and “performance” are used together, but in the Table 3,
there is a slight difference between these notions. It can be said that some
researchers conducted an experiment with different purposes rather than
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measuring the task performance. Although not included in the table because
the support value is low, the terms “virtual” and “test” appeared together in
33% of all articles. In investigations, it may be advantageous to administer
tests to determine the intervention’s effect.
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Figure 6: Linear triple co-word analysis (Source: authors)

If we look at the binary and triple co-word analysis In the Figure 5, 45.5%
of all articles include “virtual-participant”; 42.4% include “virtual-experience”
and “virtual-performance”; 39.4% include virtual-user, 36.4% include “virtual-
sense and virtual-task”; and 33.3% include “virtual-immersive” and “virtual-
test” groups. Based on this, we believe it is possible to assert that there are
experience-based tasks in virtual environments and that users’ performance
on these assessments is evaluated.

In the final steps of the co-word analysis, the significant associations begin
with virtual and presence with other triple combinations. For instance, in
Figure 6, the “virtual - presence - environment - spatial” combination takes
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part together in the %50 of the scanned articles. Unlike the last notion which
is spatial for the aforementioned example, “virtual - presence - environment
- test” only takes part together in the %30 of the articles. The notion of
“reality” has been used more through the years. According to Table 4, the
concept of “presence”, “virtual” and “environment” are used together, and
“spatial” accompany these notions. It has been observed that the concepts of
“participants”, “performance”, “task” and “orientation” decreased through the
years. This may show that the method of the investigation might change. From
the beginning of the 2000s until the 2020’s beginning, researchers might

prefer to study with participants and measure task performance.
Table 4: Word mapping in the abstract (Source: authors)

word concepts in the abstract

presence
virtual
environment
spatial
result
reality
study
participants
orientation

L)

:
5
3
o

£
=
[=%

Year Auhors

1996 Slater et al.
1998 Lackner & DiZio
2001 Johns & Blake

2003 Zimmons & Panter
2003 Mania et al.

2004 Parush & Berman
2008 Morganti et al.
2012 Andrade et al.
2012 Pillai et al.

2013 Diyana and Rambli

2013 Bashir & Bicker
2015 Yoon et al.
2015 Locher et al.

2015 Frischmann et al.
2016 Freina & Canessa et al.
2016 Coxon et al.

2016 McKenzie & Klippel
2017 Nguyen-Vo et al.
2018 Langbehn et al.
2018 Suzer & Olguntiirk
2018 Merriman et al.

2019 lachini et al.

2019 Melo et al.

2019 Cmentowski et al.

2019 Cmentowski et al.

2020 Zhai et al.

2021 Carbonell-Carrera et al.
2021 Stewart & Lopez

2022 Uz-Bilgin & Thompson
2022 Mclean & Barhorst

2022 Al-Ajmi et al.
2022 Kallai et al.
2023 Paes et al.
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4. RESULTS

The link between spatial abilities and spatial presence holds significant
implications for research and practical applications related to game design
and other use of virtual environments. The development of this game industry
incorporates a variety of architectural manufacturing processes. It is essential
to disclose the disciplines and methodologies of relationship research to
identify investigation gaps and prospective future research topics. The findings
of this research can serve as a foundation for future studies at the intersection
of architecture, virtual reality, gaming and spatial cognition.

Based on the data obtained through data mining, the decade of the 2010s was the
golden period of research in this field. This result may depend on technological
advancements in headsets and technological achievements. Because of Meta and
HTC releasing headsets with high render quality, the majority of researchers
use these brands’ headsets due to their efficacy and pricing.
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Sayisal Ekosistemlerde Yersizlik
Baglaminda Uretilen Mimari Tasarimlarda
Mekan ve Mimar Kavramlarinin Degisimi:
Metaverse Ekosistemi

ASLIHAN FEDAKAR
Sakarya Universitesi
aslihanfedakar@sakarya.edu.tr

Ozet

Metaverse; sayisal tasarim iiriinlerinin bir sonucu olarak arttirilmig ve sanal
gerceklik sistemleri sayesinde kullanicilarin tiim faaliyetleri deneyimleyebildigi
“paralel diinyada” ikincil sanal bir hayat sunan; bunu yaparken bir¢ok disiplin,
kavram ve iirliniin tanimini degistiren bilissel bir evren veya sayisal ekosistemler
biitiiniidiir. Her cag yeni bir ufuk ve farkli bir diinya diizenini isaret eder,
metaverse de yeni cagin baslangicini 6zetler bir kavramdir. 3D sistemlerin
gelistirilmesi, gercekei oyun sistemlerindeki gelismeler, VR gozliiklerle sanal
mekan deneyimleri halihazirda hayatimizin bir pargasi haline gelmis haldedir.
“Metaverse” de farkli olan tamamen biligsel bir yasam seklinin sayisal ortam
vasitasi ile hayata ge¢mis olmasidir. Bu sayisal ekosistem gercek diinyanin fizik
kurallar: ve baglamindan bagimsiz sanal olarak var olmaktadir. Bunun sonucu
olarak mevcut mimarlhik pratigi ve tasarim siireclerini etkileyen faktorlerden
bagimsiz “yersizlik baglaminda” tasarlanan mimarlhk iiriinleri, bunlan
tasarlayan mimarlarin is tanmimlar1 ve kullanicilarin deneyimledigi mekan
algis1 tamamen degismektedir. Gelisen teknoloji ve ele gecirdigi giindelik
yasam kurgusu insanlarin yasayis bicimini dolayisiyla diinyay: algilayisim1 da
degistirmektedir. Bu gelismeler ve degisimler sonucu biiyiik 6nem ve ivime
kazanan sayisal tasarim liriinleri ve ekosistemler her gecen giin daha da 6nem
kazanmakta, mimariyi farkh bir bakis acisiyla doniistirmektedir. Oyle ki
algilanan mekan artik fiziksel diinyanin baglamindan kopuk, kurallari olmayan
ve olabilecek kurallar1 sadece tasarimei ve kullanicinin koydugu sinirsiz bir
olasiliklar evreni haline gelmistir. Bu sinirsiz uzayda ortaya ¢ikan yeni mekan
tipolojisi, mekéan algisi, kullanici deneyimi ve opsiyonel diinya baglamlar
gibi kavramlar mimarlik disiplininde alisilageldik mekan, mimarlik ve mimar
tanimlarini degistirmektedir. Bu nedenle calisma kapsaminda yazar tarafindan
ortaya konulan “Metaverse gibi sayisal ekosistemlerde yersizlik baglaminda
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iiretilen mimari tasarimlar mekén ve mimar kavramlarin1 degistirmekte ve
doniistiirmektedir.” hipotezinin dogrulugu aragtirllmaktadir. Calisma yontemi
olarak; literatiir taramasinin ardindan incelenen eserler dogrultusunda
mekan ve mimar kavramlarinin yersizlik baglaminda -metaverse evreninde-
degisimini ve dahi doniistimiinii karsilastirma yontemi ile ortaya koyabilmek
amaciyla parametreler belirlenmistir. Belirlenen parametreler cercevesinde
2023 yil itibariyle ulusal ve uluslararasi popiilaritesi yiiksek bes metaverse
evreni secilerek mevcut fiziksel diinya ve mimarhk algis1 tizerinden
kargilagtirma yontemi ile degerlendirilerek sonuca varilmistir. Elde edilen
bulgular ve tartisilan veriler 15151nda varilan sonuca gore “Metaverse gibi
sayisal ekosistemlerde yersizlik baglaminda iiretilen mimari tasarimlar mekan
ve mimar kavramlarimi degistirmekte ve doniistiirmektedir.” hipotezinin
dogrulugu ispatlanmistir.

Anahtar Kelimeler: Sayisal Ekosistemler, Metaverse, Mimarlik, Yersizlik
Baglami, Sayisal Mimari Tasarim
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The Change of Space and
Architect Concepts in
Architectural Designs Produced
in the Context of Non-place in
Digital Ecosystems: Metaverse
Ecosystem

ASLIHAN FEDAKAR
Sakarya University
aslihanfedakar@sakarya.edu.tr

Abstract

Metaverse; offering a secondary virtual life in the “parallel world” where users
can experience all activities thanks to augmented and virtual reality systems as
a result of digital design products; while doing this, it is a cognitive universe
or a set of digital ecosystems that changes the definition of many disciplines,
concepts and products. Each age points to a new horizon and a different world
order, and the metaverse is a concept that summarizes the beginning of the
new age. Development of 3D systems, developments in realistic game systems,
virtual space experiences with VR glasses have already become a part of our
lives. What is different in the “Metaverse” is that a completely cognitive lifestyle
has come to life through the digital environment. This digital ecosystem exists
virtually independently of the real world’s physics and context. As a result of this,
architectural products designed in the “context of placelessness” independent
of the factors affecting the current architectural practice and design processes,
the job descriptions of the architects who designed them and the perception
of space experienced by the users completely change. Developing technology
and the fiction of daily life it has taken over also change people’s way of life and
thus their perception of the world. Digital design products and ecosystems,
which gain great importance and momentum as a result of these developments
and changes, gain more importance day by day and transform architecture
with a different perspective. So much so that the perceived space has become
a universe of unlimited possibilities, detached from the context of the physical
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world, without rules and the possible rules are set only by the designer and the
user. Concepts such as new space typology, space perception, user experience
and optional world contexts emerging in this unlimited space change the usual
definitions of space, architecture and architect in the discipline of architecture.
For this reason, within the scope of the study, “Architectural designs produced
in the context of placelessness in digital ecosystems such as Metaverse
change and transform the concepts of space and architect.” The validity of the
hypothesis is investigated. As a working method; Parameters were determined
in order to reveal the change and even transformation of the concepts of space
and architect in the context of placelessness -in the metaverse universe- in line
with the works examined after the literature review. Within the framework
of the determined parameters, as of 2023, five metaverse universes with
high national and international popularity were selected and the result was
reached by evaluating the current physical world and architectural perception
by comparison method. According to the conclusion reached in the light of
the findings and the data discussed, “Architectural designs produced in the
context of placelessness in digital ecosystems such as the Metaverse change
and transform the concepts of space and architect.” hypothesis has been
proven correct.

Keywords: Digital Ecosystems, Metaverse, Architecture, Context of Nonplace,
Digital Architectural Design
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1. GIRIS

Metaverse kavrami ilk kez 1990’larin baginda, Neal Stephenson tarafindan
yayimlanan Snow Crash’in (Parazit) romaninda hayallerin 6tesinde bir evreni
tarif etmek i¢in kullanilmistir (Bostanci, Uncu, 2021).

Lee (2021, s. 72) her on y1lda bir bilgi ve iletisim teknolojilerinde bir paradigma
degisimi yasandigini; 1990’larda bilgisayar ile iletisim, 20007lerde web,
2010’larda mobilin degisim gecirdigini ve 2020’lerin paradigmasinin anahtar
kelimesinin Metaverse oldugunu dile getirmektedir (Kus, 2021).

Metaverse yeni algilar, yeni deneyimler ve yeni mekan demektir. Var olan
fiziksel diinyamizin sanal ortamda sayisal iz diistimleri olan bu evrende mevcut
kurallar gecerli degildir. Uzay, fantastik diinyalar, var olan mekénlarin birebir
dijital kopyalar1 ve bircok farkh tipte ortamin tasarlanip deneyimlenebildigi
bu diinyada arz dogrultusunda tiim diinya tasarimcinin hayal giicline orantili
olarak sinirsiz niteliklerle donatilmaya agiktir. Bu niteliklerin kisitlayicisi
olacak iklim, yer ¢ekimi, giin 15181, inga maliyet ve siiresi, fizik kanunlar gibi
faktorler tasarimin disinda kalmaktadir. Bu sayisal ekosistem gercek diinyanin
fizik kurallar1 ve baglamindan bagimsiz sanal olarak var olmaktadir. Bunun
sonucu olarak mevcut mimarhik pratigi ve tasarim siireclerini etkileyen
faktorlerden bagimsiz “yersizlik baglaminda” tasarlanan mimarhk iriinleri
ve bunlan tasarlayan mimarlarin is tamimlar1 tamamen degismektedir.
Ote yandan mekan algisinda da baz1 sonuclarn olacagi goriilmektedir. Bes
duyunun tiimiiniin deneyimletilmesi su an icin meta veri deposu mimarisine
dahil degildir. Bunun sonucunda bazi deneyim ve faaliyetler daha sinirh
algilanmakta ve tasarlanmaktayken, gorsel ve isitsel efektler daha fazla
vurgulanir. Mevcut mimaride sadece mekanin atmosferini ve detaylarim
uygulamadan 6nce kullaniciya sunmak igin gorsellestirmeler olusturulurken,
metaverse ekosisteminde tiim mekanin tasarlanmasinda zaman sadece
gorsellestirme icin harcanmaktadir. Juhani Pallasmaa’nin (2014) Tenin
Gozleri adli eserinde bahsettigi lizere mimarlhk pratigi ve egitimine niifuz eden
giinlimiiz teknoloji eksenli tiiketim toplumunda gorselligin basta gelmesi,
mimarlik gibi tiim duyulara hitap eden bir disiplinde gorme duyusunun
baskin ve tek cikisi ¢cevreyi yoksullagtirmakta, yalitilmighk ve yabancilasmighk
duygusunun deneyimlenmesine sebebiyet vermektedir. Aidiyet ve biitiinlesme
saglayan ¢ok duyulu mekan deneyimi bu eksende kaybolmaktadir. Boylece
“yer” kavramindan kopus daha belirgin hale gelmektedir.

Bu calisma kapsaminda yazar tarafindan ortaya konulan “Metaverse gibi sayisal
ekosistemlerde yersizlik baglaminda iiretilen mimari tasarimlar mekan ve
mimar kavramlarim degistirmekte ve doniistiirmektedir.” hipotezinin dogrulugu
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aragtirllmaktadir. Calisma yontemi olarak; literatiir taramasmin ardindan
incelenen eserler dogrultusunda mekan, mimarlik ve mimar kavramlarinin
yersizlik baglaminda -metaverse evreninde- degisimini ve dahi doniisiimiini
kargilastirma yontemiile ortayakoyabilmek amaciyla parametreler belirlenmistir.
Belirlenen parametreler cercevesinde mevcut fiziksel diinya ve mimarlik algis1
iizerinden karsilagtirma yontemi ile degerlendirilmek 2023 yil itibariyle ulusal
ve uluslararasi popiilaritesi yliksek bes metaverse evreni secilmistir. Belirlenen
parametrelerce karsilagtirmali degerlendirme yonteminde 6rnek sistemler olarak
secilen 5 metaverse evreni, hipotezin dogrulugunun arastirilmasi hususunda
ihtiya¢ duyulan verileri saglamas1 amaciyla degerlendirme tablosu iizerinden
irdelenmistir. Elde edilen bulgular ve tartisilan veriler 1s1ginda varilan sonuca
gore “Metaverse gibi sayisal ekosistemlerde yersizlik baglaminda iiretilen mimari
tasarimlar mekan ve mimar kavramlarin1 degistirmekte ve doniistiirmektedir.”
hipotezinin dogrulugu saglanmistir.

2. METAVERSE EVRENINDE YER, YERSIZLiK, MEKAN VE MiMAR
KAVRAMLARI

2.1. Metaverse Sayisal Ekosistemi

Hem gorsel hem de sosyal igerigin, sakinlerin kendileri tarafindan tasarlandig
tic boyutlu bir sanal diinya fikri ilk olarak, Neal Stephenson’in Snowcrash
adh bilimkurgu romaninda kullandig1 metaverse kavramiyla ifade edilmistir
(1992). Metaverse sozciigli etimolojik olarak, Yunanca “meta” Onekiyle,
ingilizce “universe” sozciiklerinin bir araya getirilmesiyle olusturulan kaynasik
bir sozciiktiir (Tasa, 2009). Metaverse terimi ilk kez 1992’de yayinlanan bir
romanda ortaya ¢ikmistir. 2000’lerin bagindan beri arastirmacilar tarafindan,
kullanicilarin avatarlar araciliginda birbirleri ile etkilesim kurmasinmi saglayan
dijital teknolojilere atifta bulunmak i¢in bu terimi kullanilmaya baslanmstir.
Terim, Facebook’'un yeniden markalagsmasi nedeniyle 2020 civarinda 6ne
cikmigtir. Ancak, ne tiir teknolojilerin metaverse’e ait olmasi gerektigi ve terimin
nasil kavramsallastirilacagi konusunda bir fikir birligi yoktur (Davy Tsz, 2022).

Metaverse; duyularimizin cogu belki de tamam ile deneyimleyebildigimiz,
kendi karakter tasarimlarimizla yeni bir kimlik sahibi olarak yasayabildigimiz,
yeni sosyal aglarin, yeni bir ekonominin ve yeni aligkanliklarin saglandig yeni
bir evren modelidir. Getirdigi tiim bu yenilikler mevcut diizende alistigimiz
kavram ve olgular1 degistirmektedir. Ozellikle kullanicilarina deneyimlettigi
sanal mekanlar aracilig ile fiziksel diinyada alisilagelmis mekan ve mimarhk
algisinin degisim ve doniisiimiiniin dogru anlasilmasi ve bi¢imlendirilmesi
Onem arz etmektedir.
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2.2. Mekan ve Sanal/Sayisal Mekan

Mekan; ‘bos bir alanin olusturdugu mana ya da smirlar1 belirlenerek
tarif edilen yer’ olarak ifade edilmektedir. Bogluk ve zaman igerisinde bir
sinirlandirilmighk olarak da tanimlanabilen mekan kavraminin belki de ilk
ozelligi algilanabilirligidir. Algi mekani, duyular ile algilanabilen bir mekan
tariflemektedir. Buna kargilik mekanin geometrik 6zelliklerinin de bulunmasi
onun farkh alanlar icgerisinde incelenebilirliginin anlagilmasinda yardimci
olmaktadir. Pek cok mekan tiiri bulunmaktadir; sosyal mekan, iktisadi
mekan, cografi mekan, kiiltiirel mekan vb. (Yiicel, 1981). Psikoloji, daha
onceleri sanildig1 gibi mekanin tiim insanlar icin ortak, mutlak ve degismez
mekan izlenimleri vermedigini ortaya c¢ikarmistir. Piaget'in ‘mekan bilinci’
olarak adlandirdig izlenimler birikimi anlik bireysel algilardan cok daha
fazlasini ifade etmektedirler (Piaget ve Inhelder, 1956). Mekan1 tanimlayan
sey kullanicida uyandirdigi imgedir. Mekan; o “yer’e ait yasanmighklar,
aligkanliklar ve hislerden meydana gelen karmasik iligkiler aginin karsiligidir.
Mekan bireyle var olmaktadir. Mekan, fiziksel boyutundan 6nce bilingle
algilanir ve boylece benimsenir.

Sanal mekan; “gercek mekanin simiile edilmis durumu, farkl bir benzeri,
yansimasi; farkli elemanlar ile olusturulmus, kendine has algis1 olan
mekan” olarak tamimlanmaktadir. Bilgisayar ortaminda canlandirilan iig
boyutlu goriintiilerin, baz1 aygitlar yardimiyla insanlara “gercek diinya” gibi
gosterilmesi; yapay gerceklik, sanal ortam olarak da tanimlanmaktadir. Ozel
aletler kullanarak bu ortama dahil olan kullanic1 gordiiklerini gergek olarak
algilamaya baglamakta ve gercek ve sanal olami birbirinden ayirt edemez
hale gelmektedir (Gibson, 1984). Teknolojinin getirdigi bu sanal, sayisal
ortamlar gercek yasantiya paralel uzay-mekan ile sinirli olmayan ortamlar
olusturmaktadir. Giindelik araclar icin gerceklesen dijitallesme degisiminin
mekanlar icin gerceklestigini varsaymak miimkiin goriinmektedir (Yiiksel
ve Yildiz, 2022). Sanal mekanlar hem var olma bigimleri hem de algilanma
bicimleriyle mevcut mekan algisin1 degistirmekte ve doniistiirmektedir.
Calismaninilerleyen asamalarindabudegisimler farkliagilardan incelenecektir.

2.3. Mimar Kimdir?

Bir Kkiiltiir ogesi olarak mimarlik, ulusal ve yerel, kolektif ve bireysel
kimlikleri betimleyen anlamlar tasir. Bu noktadan hareketle, mimarlik iiriinii
olarak mekan ait oldugu yeri ve zamam tanmimlayan, toplumsal, bireysel
kimliklerimizin ve tasarimcisi olarak mimarim kimligini betimleyen bir ifade
aracidir. Bu yoOniiyle mekan, bir etkilesim ortami olusturmakta ve kendi i¢
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gelisimini de yine bu ortaya koydugu etkilesim ortamindan saglamaktadir
(Dinger, 2009). Anlasildig1 lizere mekan iletimin yani mesajin kendisini
olusturur, mekan mesajdir. Diger taraftan mekani da iletecegi mesajin icerik
ve iletilme bi¢imini tasarlayan ve tahayyiil eden de mimardir. Bu baglamda
mimarin kimligi mekanin kendisidir. Mekana dair tiim nitelik ve mekanin
tasidigi tiim mesajlar mimarin kimligidir, mekdn mimar1 tanimlayan bir sonug
iiriindiir. Marshall McLuhan (1964) “The Medium is The Message” baglikli
kitap boliimiinde de bunu anlatmaktadir. O’na gore mesajin (icerigin) iletildigi
ortamin, fiziksel veya sanal fark etmeksizin, mesaj kadar hatta mesajdan
daha da 6nemli oldugunu anlatmak icin kullanilmistir. Oyle ki bir mekéina
girildiginde o mekana dair detaylar kisiye islevle ilgili, kiiltiirle ilgili, davranis
bi¢iminin nasil olmas1 gerektigiyle ilgili, sosyal yapiyla ilgili bircok bilgi
iletmektedir. Bu baglamda mekan mesajdir. Mesajin yani ileti veya bilginin de
tasarlayicisi ve kaynagi mimardir.

Tim iglerde ozellikle de mimarlikta su iki nokta vardir; kendisine anlam
verilen ve ona anlamini veren. Kendisine anlam verilen, tizerinde konusuyor
olabilecegimiz konu, anlam1 veren ise bilimsel ilkeler iceren bir gosterimdir.
Bu ylizden mimar oldugunu diislinen birisinin, her iki bakimdan da deneyimli
olmasi gerektigi ortaya ¢ikar. Mimar egitilmeli, kalemi giiclii olmali, geometri
O0grenimi gérmeli, iyi tarih bilmeli, filozoflar1 iyi izlemeli, miizikten anlamali,
biraz tip bilgisi bulunmali, yildizbilim ve goklerin kurami ile tanigiklig:
olmalidir (Vitruvius, 1993). Yiicel (2004)’den aktaran Dinger (2009) mimar
kavramini goyle aciklamaktadir: “S6z konusu makalesinde Yiicel, mimarlik
olgusunu veya eylemini icra eden olarak tanmimladigi mimari, ingsa eden,
imar eden, tasarlayan, yaratan, orgiitleyen olarak betimlerken, bu eylemi
gerceklestirenin kendi birikiminden kaynaklanan farkli rolleri (miihendis,
zanaatkar, sanatkar, diisiiniir, tasarimc1 gibi) es zamanh olarak meslek pratigi
icerisinde tasiyabildigini vurgular. Yiicel, tim bu rollerin hem mimarhk
eylemine hem de mimarligin diisiinsel pratigine katkilarini, diistinme bicimi,
mimari deger sistemi, lislup gibi kategorilerle iligkili olarak ortaya ciktigini
soyler.” Aslinda mimar multidisipliner bir meslek erbabidir. Mimar olarak
tanimlanan kisi bir “yer”i ancak ve ancak tiim yonleriyle ve uzmanlikla ele alip
buna gore bir tasarim ortaya koyabildigi siirece gercekten “imar eden kisi”
unvanini alabilir. Cilinkii bir mekan, baglami ve insanla “yer” halini almaktadir
(bkz. Boliim 2.4).
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2.4. Yer ve Yersizlik

Seyleri algilayis bicimimiz yerlerin niteligini belirler. Seyler ya da onlar
algilayacak kimse yoksa yer de yoktur (Kogyigit, Gorbon; 2012). Nalbantoglu
(2005)’dan aktaran Kocyigit ve Gorbon (2012) yer ve insan arasindaki bagi
soyle anlatir: “Heidegger’in degisiyle nehrin {iizerine kopriiyii kurmadan
once orada bir yer oldugundan bahsedemeyiz. insan seyleri algilayarak,
donitistiirerek ya da iireterek yerleri var eder. Yer ile insanin varolusu arasinda
derin bir bag vardir. Insan yasayabilmek icin bilinmeyen bir evrenin ortasina
evini inga ederek yeri var eder.” Aslinda bir ortamin “yer” olabilmesi igin

2

once insana ihtiyac vardir. insan algis1 ve etkisi sayesinde ortamlar “yer”
haline gelebilmektedir. Bu baglamda insan algisi ve etkisinin varligl, yersizlik
baglaminda mekanin degisim durumunun degerlendirilmesinde bir parametre
olarak karsimiza c¢ikmaktadir. Kogyigit ve Gorbon (2012) ayni1 zamanda
Schulz (1971)’dan derledigi metinde; “Modern mimarligin kavrayisiyla cevre,
rakamlar ve soyut grafiklerle ifade edilen bolgelerden olugsmakta; bunlarin
birbiriyle iligkileri ise ancak ideal bir durum igin gegerli olabilecek “islev” ile
aciklanmaya calisilmaktadir. Bu da tiirdes ve kimliksiz ¢evreler iiretiminde ve
insanin ¢evresine yabancilasmasindaki sorunlu bakis agisina isaret etmektedir
(Norberg-Schulz 1971, 29-42). Yapilmasi gereken, cevreyi var eden seyler
iizerine yeniden diisiinmek, bunlarin niteliklerini kendi varolussal gereklilikleri
icinde saptamak ve yerlerin karakterini tespit etmektir. Schulz’a gore bir Antik
Roma kavrayisi olan “yerin ruhu” aslinda yerin karakterinin belirlendigi
atmosferi anlatmaktadir (Norberg-Schulz 1976, 3-10).” seklindeki anlatimiyla
yerin ruhu kavramimi hatirlatmaktadir. Bahsedildigi tlizere mekanlar1 yer
yapan nitelikler aslinda kimligini de olusturan cevre, aidiyet, tarih, kiiltiir gibi
ogelerdir. Bu 6gelerle yerin bir ruhu yani 6zii meydana gelmektedir. O “yer”i
diger mekanlardan ayiran bu 6zellikleridir ve kimligi, 6zii, ruhu tam olarak
orasidir, oranin niteliksel ve bilingsel 6zellikleridir. Yer sadece o “an” degildir. O
ana gelmesinde rolii olan ge¢mistir, tarihtir. Sosyal iligkilerin, yasanmighklarin
ve kisilerin bir {iriinii olan yer, ruhunu tiim bu iligkiler ve kavramlar aginin 6zel
olusundan almaktadir. Yine tam da bu iligkiler ve tarihsellik gostermektedir ki,
yer doniisken ve degisken bir yapidadir. Oyle ki insanla bicimlenen yer kavrami
insan degistikce degisecek ve gelisecektir. Bu baglamda degerlendirirsek
bir ortamin tarihsel, sosyolojik ve bilissel degeri varsa ve bu yer degiskense
-kullaniciyla etkilesimli olarak degisiyorsa- ruha sahiptir.

Yapisalc1 kavrayis icerisinde yersizlesme ise hangi sekilde ele alinirsa alinsin
baglamin iflas etmesi, kurulamamasidir. Mimari iiriiniin, hem/ya diisiinsel
boyutta hem/ya da cografi, fiziksel ¢evre boyutunda ait olabilecegi bir dizgenin
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bulunamamasi veya kurulamamas dolayisiyla mimari iiriiniin kendine ait bir
yerinin olamayisi, tekil bir 6ge olmanin Gtesine gecemeyisidir. Bu anlamda
yersizlesme baglamsalliklarin c¢o6ziilmesi, iflas edisini anlatan bir siireci
tanimlar. (...) Mimarlikta yersizlegsme siirecinin 6nemi, bir kavramsallagtirma
sorunsali olarak diislinsel alanda yer edinmesinin 6tesinde, dogrudan dogruya
fiziksel cevrenin insan icin degisen anlami ve mekansal yerlesme pratigindeki
tarihsel doniigiimlerle ilgilidir. Bu nedenle siirecin ayni zamanda -daha
somut anlamda-, tarihsel perspektif icerisinde fiziksel alana yansimalariyla
¢ozlimlenmesi onem tasimaktadir. Fiziksel alanda yersizlesmenin mimarlik
uygulamalarimi etkileyen bir olgu olarak ortaya ¢ikmasi, bir diisiince kategorisi

A

olarak “yer”’in “zaman ve “mekan” olarak ayristirilmaya baglamasi ile olmustur.
Bu ayn1 zamanda yaygin kullanilan bir ifadeyle modern zamanlarin baglangici
olarak da ifade edilebilir. Modern Oncesi donemde bagka bir anlatimla,
fiziksel cevre bir biitiin olarak zaman ve mekanin degismez koordinatlar ile
kavranmaya baslamadan 6nce, diinya birbirinden yalitilmis ¢ok sayida “yer”
olarak kavranmaktadir. Yer kavramu, belirli bir hukuki, politik, toplumsal anlam
tasimakta; kabaca belirlenmis toprak sinirlar icindeki toplumsal iligkilerin
ve toplulugun goreli 6zerkligine isaret etmektedir. (Kocyigit, Gorbon; 2012).
Modernite Oncesi algida yer kavrami bir iiriiniin konumundansa anlamini
ifade etmekteydi. Giddens (1994) bunu s6yle agiklar: “Modernlesme siireciyle
birlikte soyut ve esdeger boliimlenmis zaman ve mekan kavrayislarimin
gecerlilik kazanmasi, yerlerin birbirlerinden bagimsiz ve kendi anlamlarini
yaratan adaciklar olarak kavranamamasina yol agmistir. Mimari {iriniin ise,
yerinden ¢ok giderek artan bir bicimde oldukca soyut bir kavrayigla hangi
zamana ve mekana ait oldugu 6nem kazanmaya baglamistir.” O zamanlardan
bugiine diisiiniildiigiinde yersizlik kavrami, insan etmeninden kopma, zaman
ve mekan kavramlarinin bir sey ifade etmemesi ve baglamdan kopmusluk
olarak da tanimlanabilir.

Aydinl (2003)’den aktaran Kaymaz Koca (2005) soyle ekliyor: “...yerin algisal
bir deneyimi oldugunu ve bu deneyimin duygu ve diisiincelerimizi harekete
geciren bir ortam yaratildiginda gerceklestigini iddia etmistir. O’na gore yerin
deneyimlenmesi, kavramsal olarak yersizlik duygusu ile anlam kazanir; birlikte
hareket etme, ait olma ve biitiinsellik ilkeleri ile sorgulanir.

Anlamli formlarin artik yittigine, bunun da an1 duygusunu ortadan kaldirdigina
deginir. Ciinkii O'na gore, anlaml herhangi bir form, bize mutlaka bir seyler
hatirlatmaktadir. Problem, figural kaliteden kaynaklanmaktadir. Zira, figural
kaliteden yoksun g¢evresel tasarimlar, yerin ruhunun kaybolmasina ve insanin
herhangi bir yerdelik duygusu yasamasina sebep olmaktadir. Bu sayede,
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cevresine yabancilasan insan, aidiyet ve grup duygusunu kaybetmeye baslar,
yalmzhig: artar.”

Juhani Pallasmaamin (2014) Tenin Gozleri adli eserinde bahsettigi iizere
mimarlik pratigi ve egitimine niifuz eden gilinlimiiz teknoloji eksenli tiiketim
toplumunda gorselligin basta gelmesi, mimarlik gibi tiim duyulara hitap eden
bir disiplinde gérme duyusunun baskin ve tek ¢ikisi ¢evreyi yoksullastirmakta,
yaliilmighk ve yabancilasmighk duygusunun deneyimlenmesine sebebiyet
vermektedir. Aidiyet ve biitiinlesme saglayan ¢cok duyulu mekan deneyimi bu
eksende kaybolmaktadir. Boylece “yer” kavramindan kopus daha belirgin hale
gelmektedir.

Schulz (1980)’dan derledigi metinde Kaymaz Koca (2005) gore: “... modern
yerlesmelerde binalar 6zel bir sekil-zemin iligkisi kurmaksizin serbestce
yerlestiklerinden peyzaj, olusan yapay ag icerisinde anlamini kaybetmektedir.
Yani sira, modern tasarimlar i¢-dis, 6zel-genel alanlar arasinda olmasi gereken
net ayrimlar1 hicbir olgekte karsilayamamaktadir. Bunun sonucu olarak,
mekansal striiktiirler kaybolmakta, insanin oryantasyonu zorlagmakta, kimlik
zayiflamakta ve insanin yabancilagma sorunu ortaya ¢ikmaktadir ki bu sonug
ikamet etmenin dogasina ters diismektedir. Schulz’a gore tiim bu belirtiler,
yer kaybina (loss of place) isaret etmektedir. Kaybolan, insanin bireyselligini
ve aidiyetini deneyimleyecegi mekanlar, ortak yasama yer saglayan kent
bosluklari, yer ve gok arasindaki iligkidir.”

Ozet bir sekilde yeri, soyut olarak kavranabilen, iistiin, ideal 6zelliklere
sahip bir mekén olarak tanimlayabilecegimize gore, “gliniimiiz mimarliginda
yersizligin®, cagimizda “mekadn” olgusunun kavramsal G&zelliklerinin
zedelenmesi sonucunda gergeklestigini sylemek yanlis olmayacaktir (Kaymaz
Koca, 2005). Yani aslinda yersizlesme baglaminin ortaya cikis1 bagh basma
mekanin degistiginin bir ispatidir. Bu baglamda mekan mimarin iletigsim araci/
mesajl ise (bkz. Boliim 2.3) mimar da degismistir. Calismanin bu béliimiinde
aktarilan tiim literatiir calismalan diistiniildiigiinde “yersizlesme”, mekan ve
mimar kavramlar1 arasinda karsilikli bir degistirme ve doniistiirme etkisinin
bir sonucudur. Bu baglamda calisma kapsaminda arastirilmas1 amaclanan
hipotezin karsilagtirma yontemi ile incelenmesinde kullanilacak parametrelerin
seciminde yersizligi doguran faktorlere odaklamlmistir. Buna gore;

Schulz (1971, 1976) kaynaklarindan edinilen parametreler:

- Tirdes ve kimliksiz cevreler olugsmasi yani mekanlar: yer yapan ve kimligini
de olusturan, aidiyet, tarihsel birikim/gecmis, kiiltiir 6geleri barindirma,
sosyal iligkiler, yasanmislik/ani olusturma etkisi gibi faktérlerden
yoksunluk,
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- Doniisebilme degisebilme 6zelliginin olmayasi,
- I¢-dis, 6zel-genel ayriminin kaybolusuyla ortaya cikan yabancilasma hissi,
Pallasmaa (2014) kaynagindan edinilen parametreler:

- Gorme duyusunun baskin ve tek ¢ikisiyla aidiyet ve biitiinlesme saglayan
¢ok duyulu mekan deneyiminin kaybolusu,

Kogyigit ve Gorbon (2012) kaynagindan edinilen parametreler:
- “Yer”i algilayacak kisi, insan/kullanici faktoriiniin eksikligi,

- Baglamin ¢oziilmesi; cevreden kopukluk, mimari {iriiniin, hem/ya diisiinsel
boyutta hem/ya da cografi, fiziksel ¢evre boyutunda ait olabilecegi bir
dizgenin bulunamamasi veya kurulamamasi,

- Toplumsal iligkilerin var olmayisi,

Aydinli (2003) ve Kaymaz Koca (2005) kaynaklarindan elde edilen
parametreler:

- An1 duygusunun ortadan kalkmasiyla kullanicinin herhangi bir yerdelik
duygusu yasamasi ve bu sebeple cevreye yabancilagsma, aidiyet ve grup hissini
kaybetme problemi yagsatan mekan kurgusu, parametreleri secilmistir.

En cok kullaniciya sahip Roblox, Decentraland, The Sandbox, Second Life
ve Somnium Space adli metaverse platformlar1 URL-1,2,3.4,5,6,7,8 ve 9
internet kaynaklarindan secilmistir. Platformlar yazar tarafindan teker teker
deneyimlenmis ve incelenmistir. 3.bdliimde olusturulan Tablo 1 bu deneyim
ve incelemeler sonucu doldurulmustur.

3. BULGULAR

Yersizlik baglaminin ortaya cikisinin mekdn ve mimar kavramlarinin
degisiminde baslica bir etken oldugu 6nceki boliimlerde literatiir taramasi ve
¢ikarimlarla ortaya konulmustu. Literatiir kapsaminda incelenen kaynaklar
cercevesinde belirlenen, yersizlik baglaminin ortaya cikis sebepleri olarak
degerlendirilebilecek parametreler ve gesitli internet kaynaklar1 dogrultusunda
secilen, en ¢ok kullanima sahip metaverse platformlarindan besi kullanilarak
“Metaverse platform orneklerinin ve fiziksel gercekligin yersizlik baglami
parametrelerince karsilagtirmali degerlendirmesi” tablosu olusturulmustur.
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Tablo 1: Metaverse platform érneklerinin ve fiziksel gercekligin yersizlik baglami
parametrelerince karsilastirmali degerlendirmesi (Yazar tarafindan olusturulmustur.)

Etken Parametreler Gergek/Fiziksel Roblox Decentraland The Sandbox Second Life Somnium Space
Diinyada Bulunan
“Yer"ler
Tiirdes ve kimliksiz Tarihsel V Tarihsel v Tarihsel v Tarihsel v/ Tarihsel V/ Tarihsel
cevreler olusmast yoksunluk yoksunluk yoksunluk yoksunluk yoksunluk yoksunluk
Kalltiir 8gelerinin Kalltiir 8gelerinin Kalltiir 8gelerinin Kalltiir 8gelerinin Kalltiir 8gelerinin Killtar 5gelerinin
eksikligi eksikligi eksikligi eksikligi eksikligi eksikligi
Sosyal iliskilere Sosyal ilskilere Sosyal iliskilere Sosyalliskilere Sosyalliskilere Sosyalliskilere
olanak olanak olanak olanak olanak olanak
v v v v v

Dénilsebilme/degisebil
me &zelliginin

olmayist,

Yabancilasma ve Gérme v Gorme v Gorme ~ Gorme v Gorme v Gérme

aidiyetin kaybolusu baskin ve tek baskin ve tek baskin ve tek baskin ve tek baskin ve tek baskin ve tek
cikisiyla gok duyulu cikistyla cok duyulu cikistyla cok duyulu cikistyla cok duyulu cikistyla cok duyulu cikistyla cok duyulu
mekan mekan mekan mekan mekan mekan
kaybolmas kaybolmasi Kaybolmasi kaybolmasi kaybolmasi Kaybolmast
ig-dis, bzel-genel V' ig-dis, 6zel-genel v lg-dis, 6zel-genel v ig-dis, bzel-genel Vv lg-dis, 6zel-genel v ig-dis, bzel-genel
aynminin aynminin aynminin aynminin aynminin aynminin
kaybolusu kaybolusu kaybolusu kaybolusu kaybolusu kaybolusu
Ani v Am v An v Am v Am v An
ortadan ortadan ortadan ortadan ortadan ortadan
kullanicinin kullanicinin kullanicinin kullanicinin kullanicinin kullanicinin
herhangi bir herhangi bir herhangi bir herhangi bir herhangi bir herhangi bir
yerdelik duygusu yerdelik duygusu yerdelik duygusu yerdelik duygusu yerdelik duygusu yerdelik duygusu
yasamasi yasamasi yasamasi yasamasi yasamasi yasamast

Fiziksel/dsunsel v v v Nz Nz

baglamin ¢Bziilmesi

Tablo 1 incelendiginde;

- Gergek/fiziksel diinyada tasarlanmis “yer”lerin aksine, metaverse gibi
sayisal ekosistemlerin yersizlik baglaminin isaretlerinden biri olan “tiirdes ve
kimliksiz gevreler olusturma” parametresi ¢ercevesinde tarihsel birikimden
yoksun oldugu ve yasanmighk/am olusturamadigi gozlemlenmistir.
Incelenen platformlarin ve icerdikleri sanal mekanlarin tarihi bir siirecin
getirdigi bilgi ve birikimi icermedikleri goriilmiistiir. Bu mekanlar belli
araliklarla degisime ugrasalar dahi bu degisimlerin sonucunda meydana
gelen eski ve yeni mekan siirlimlerinin herhangi bir tarihe referans oldugu
veya tarihi bir baglama oturduklar gozlemlenmemistir. Dahasi edinilen
tarihi bir birikim gerceklesecek dahi olsa bu birikimin okunabilirligi
siiphelidir. Edinilmesi muhtemel bir tarihi birikimin kalicilig1 yoktur.

- Kiiltiir 6geleri platformlarda olmakla beraber gézlemlenen kiiltiir 6geleri
mevcut sanal mekanlarin kendilerine ait kimlik ve tarihi birikimle
gelistirdikleri bir kiiltiirel deger icermemekte, okunabilir kiiltiir izleri gercek
diinyadan alinan farkl kiiltiirlerin platformdaki oyun/hayat deneyimine
eklemlenmis “ek”ler oldugu goriilmiistiir.

- Deneyimlenen tiim platformlar ¢evrimici sohbet destekli olup sanal mekan
araciligl ile kullanicilara sosyal bir altyapi sunmaktadir. Bu baglamda sosyal
iligkiler gelisebilmektedir.
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- Secilen metaverse diinyalarinin besi de doniisebilme ve degisebilme
ozelligine sahiptirler. Kullanic1 ve tasarimci isteklerine gore hizli bigimde
mekanlar ve kullanici deneyimleri degisebilmektedir. Gergek/fiziksel diinya
ile karsilagtirlldiginda ise bu degisim tarihi siireclere veya énemli olaylara
gore zamanla, mekanin eski halinin {izerine eklenerek ve ¢ogalarak degil;
birden ve/veya hic yoktan ortaya ¢ikan mekanlar olarak ortaya ¢ikmaktadir.

- Belirlenen bes platform “Gorme duyusunun baskin ve tek ¢ikisiyla cok duyulu
mekan deneyiminin kaybolmasi, i¢c-dis / 6zel-genel ayriminin kaybolusu,
an1 duygusunun ortadan kalkmasiyla kullanicinin herhangi bir yerdelik
duygusu yasamas1” parametrelerinin tamamim gostererek kullanicilarin
aidiyet, biitiinlesme gibi mekana dair alg1 ve deneyimlerinin saglanamadigi
goriilmiistiir. Bu sebeplerle mekanm1 benimseyemeyen kullanicilar, orada
bir an1 veya yaganmighk biriktirememektedir. Boylece mekédn kullanici
tarafindan “herhangi bir alan” olarak algilanmakta, standardize bir ortam
olarak simiflandirilmaktadir.

- Platformlarin besinde de fiziksel higbir baglam, cevre faktorii, dogal
sinirlandirmabulunmamaktadir. Var olan fiziksel diinyamizin sanal ortamda
sayisal iz diistimleri olan bu evrende mevcut kurallar gecerli degildir.
Uzay, fantastik diinyalar, var olan mekanlarin birebir dijital kopyalar1 ve
birgok farklh tipte ortamin tasarlanip deneyimlenebildigi bu diinyada arz
dogrultusunda tiim diinya tasarimecinin hayal giiciine orantili olarak sinirsiz
niteliklerle donatilmaya aciktir. Bu niteliklerin kisitlayicis1 olacak iklim,
yer cekimi, giin 15181, insa maliyet ve siiresi, fizik kanunlar1 gibi faktérler
tasarimin disinda kalmaktadir. Bu sayisal ekosistem gercek diinyanin fizik
kurallar ve baglamindan bagimsiz sanal olarak var olmaktadir.

4. TARTISMA VE SONUC

Bolim 3’te ortaya konulan bulgular ve Tablo 1 degerlendirildiginde tiim
parametreler saglanamasa dahi metaverse sayisal ekosisteminde ortaya c¢ikan
sanal mekanlarin “yersizlik baglami’nda tasarlandigi ve deneyimlendigi
agiktir.

Yersizlik baglaminda meydana gelen bir mekanin bilinen gercek/fiziksel
diinyadaki mekéna gore farkli nitelikleri olacag: ve oldugu aciklanmisti. Bu da
gostermektedir ki mekén sayisal bir ekosistem olan ve yersizlik baglaminda
oldugu gozlemlenmis metaverse ekosistemi {izerinde degisime ve doniisiime
ugramaktadir.

Bolim 2.3.’te “Aslinda mimar multidisipliner bir meslek erbabidir. Mimar
olarak tanimlanan kisi bir “yer”i ancak ve ancak tiim yonleriyle ve uzmanlikla
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ele alip buna gore bir tasarim ortaya koyabildigi siirece gercekten “imar eden
kisi” unvanini alabilir. Ciinkii bir mekan, baglam ve insan faktorleri ile “yer”
halini almaktadir (bkz. Bolim 2.4).” seklinde aktarilmisti. Bu cergevede
diistintildiigiinde ¢evresinden kopuk, kiiltiirlinden bagimsiz, tarihten yoksun
bir mekan anlayist mimarin nitelik kattigi “yer” kavramiyla bagdagsmamaktadir.
Dolayisiyla yersizlik baglaminda tasarim yapan mimarin tanim literatiirce
bilinen veya aciklanan mimar tanimindan farkh bir kavrama doniismektedir

veya mimarin tanimi degismektedir.

Tiim bu cikarimlar degerlendirildiginde calisma kapsaminda incelenen
“Metaverse gibi sayisal ekosistemlerde yersizlik baglaminda iiretilen mimari
tasarimlar mekan ve mimar kavramlarini degistirmekte ve doniistiirmektedir.”
hipotezinin dogrulugu; literatiir incelemesi sonucu belirlenen yersizlik
baglamina iligkin parametrelerin gercek/fiziksel diinya ve secilen bes 6rnek
metaverse ekosistemi gercevesinde karsilagtirma yonteminde kullanilmasi,
ardindan elde edilen bulgularin incelenmesi sonucu ispatlanmistir.
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Ic Mimarlik Lisans Egitimi Miifredatinda
Sayisal Tasarim Derslerinin
Niceliksel Analizi

FiLiZ TAVSAN'®, NiSA NUR GOKSEL? .
Karadeniz Teknik Universitesi, 2Fatih Sultan Mehmet Vakif Universitesi
'ftavsan@hotmail.com, >ngoksel@fsm.edu.tr

Ozet

11k bilgisayar ENIAC1In 1941 yilinda iiretiminden giiniimiize kadar gerceklesen
teknolojik gelismelerin 15181nda sosyal yasam ile iligkili bir¢cok bilim dalinda
degisimler ortaya cikmigtir. Bilgisayar ve internet iizerine yapilan biitiin
teknolojik devrimler egitim ve mimarlik anabilim dallarinda da kaha izler
birakmaya devam etmektedir. Mimarlikla dogrudan iligkili olan i¢ mimarhk
disiplininde de hem uygulamada hem egitimde bilgisayar kullanimina yonelik
derslerin 6nemi oldukca fazladir. Uluslararas1 i¢ mimarlik programlarina
bakildiginda dijital sunum yoOntemlerine yonelik, gorsellestirme ve
modelleme; iiretime yonelik dijital fabrikasyon; algoritmik, parametrik veya
iiretken tasarima olanak saglayan kodlama dillerinin miifredatlarda yer aldig:
goriilmektedir. Calisma kapsaminda iilkemizdeki i¢ mimarlik ve i¢c mimarhk
cevre tasarimi lisans programlarinda bulunan sayisal tasarim derslerinin
mevcut durumu sorgulanmistir. Tiirkiye’de bulunan lisans programlarinin
miifredatlar1 incelenmis, sayisal ortamda gerceklestirilen dersler Bologna
verileri tlizerinden tespit edilmistir. Calismanin amaci sayisal tasarim
derslerine yonelik bir smiflandirma yapilarak, bu smiflandirmanin iilke
genelindeki programlar iizerindeki dagilimlarini analiz etmektir. Bu kapsamda
cevap aranilan arastirma sorular1 su sekildedir: “Lisans programlarinda ne
kadar yazihm/ kodlama/ dijital fabrikasyon dersi bulunmaktadir?” “Lisans
programlarinda hangi yazilimlar / kodlama dili / dijital fabrikasyon araclar
ogretilmektedir / kullanmilmaktadir?” “Sayisal tasarim dersleri hangi yariyilda
verilmektedir?” “Sayisal tasarim derslerinin kredileri agirhikli olarak ne
kadardir?” “Sayisal tasarim derslerinin zorunlu / se¢meli olarak verilme
agirliklar1 ne kadardir?” Bu arastirma sorulari i¢c mimarlik / i¢ mimarhk
cevre tasarimi lisans programlar1 Bologna verileri incelenerek cevaplanirken;
mimarlik, endiistri {iirlinleri tasarimi, peyzaj mimarhg vb. bolimler
calismanin kapsami disinda birakilmis, ancak fakiiltelerdeki sayisal tasarim
kapsaminda degerlendirilen ortak dersler calismanin Orneklemine dahil
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edilmigtir. Calismanin materyalini sayisal tasarim, mimarlik ve tasarim egitimi
arakesitinde yapilan aragtirmalara yonelik makale, tez ve bildirilerle birlikte,
Tiirkiye’de bulunan lisans programlarinin Bologna verileri olusturmaktadir.
Calismada nicel aragtirma deseni kullamilmistir ve calisma 5 asamadan
olusmaktadir. ilk olarak calisma kapsaminda literatiir okumas1 yapilmistir.
Ikinci asamada iiniversitelerin lisans programlarinda yer alan sayisal tasarim
dersleri icerik analizi yontemi ile tespit edilmistir. Uciincii asamada bu dersler
analiz edilerek niceliksel verilere ulagilmistir. Dordiincli asamada kodlama,
yazihm ve dijital fabrikasyon derslerinin iilke genelindeki miifredatlarda
yer alma yogunlugu, devlet ve vakif iiniversitelerine gore dagilimlari, teorik
uygulama saatlerine yonelik bulgulara yer verilmistir. Besinci asamada ise
aragtirma sorularina yonelik genel degerlendirmelere yer verilerek bu derslerin
i¢ mimarlik egitiminde meydana getirdigi degisim ve gelecekte nasil bir etkisi
olacagina dair goriislere yer verilmistir.

Anahtar Kelimeler: Sayisal Tasarim Dersleri, ic Mimarhk Egitimi, Sayisal
Tasarim
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Quantitative Analysis of Digital
Design Courses in Interior
Architecture Undergraduate
Education Curriculum

FILiZ TAVSAN'®, NiSA NUR GOKSEL?
Karadeniz Technical University, 2Fatih Sultan Mehmet Vakif University
'ftavsan@hotmail.com, >ngoksel@fsm.edu.tr

Abstract

In light of the technological developments since the production of the first
computer ENIAC in 1941, changes have emerged in many branches of science
related to social life. All technological revolutions on computers and the internet
continue to leave permanent traces in education and architecture departments.
In the discipline of interior architecture, which is directly related to architecture,
the importance of computer use in both practice and education is very important.
When looking at international interior architecture programs, visualization and
modeling for digital presentation methods; digital fabrication for production; It
is seen that coding languages that allow algorithmic, parametric, or productive
design are included in the curriculum. Within the scope of the study, the current
status of digital design courses in interior architecture and interior architecture
environmental design undergraduate programs in our country was questioned.
The curriculum of undergraduate programs in Turkey were examined, and the
digital courses were analyzed over Bologna data. The study aims to make a
classification for digital design courses and to analyze the distribution of this
classification over the programs throughout the country. In this context, the
research questions to be answered are as follows: “How many software/coding/
digital fabrication courses are in undergraduate programs?” “Which software/
coding language / digital fabrication tools are taught/used in undergraduate
programs?” “In which semester are digital design courses given?” “How many
credits are the digital design courses mainly?” “What is the weight of the digital
design courses as compulsory/elective?” While these research questions were
answered by examining the data of interior architecture / interior architecture
environmental design undergraduate programs in Bologna; architecture,
industrial design, landscape architecture, etc. departments were excluded from
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the scope of the study, but common courses evaluated within the scope of digital
design in faculties were included in the sample of the study. The material of the
study consists of the Bologna data of the undergraduate programs in Turkey,
together with the articles, theses, and papers on the research conducted at the
intersection of digital design, architecture, and design education. Quantitative
research design was used in the study and the study consists of 5 stages. First of
all, literature reading was made within the scope of the study. In the second stage,
the digital design courses in the undergraduate programs of the universities were
determined by the content analysis method. In the third stage, these lessons were
analyzed, and quantitative data were obtained. In the fourth stage, the intensity
of coding, software, and digital fabrication courses in the curricula across the
country, their distribution according to state and foundation universities, and the
findings regarding theoretical practice hours are given. In the fifth stage, general
evaluations regarding the research questions are given and opinions about the
change that these courses have brought about in interior architecture education
and how it will affect the future are given.

Keywords: Digital Design Courses, Interior Architecture Education, Digital
Design

XVII. Mimarlikta Sayisal Tasanm Ulusal Sempozyumu 17-20 Haziran 2023, istanbul



DEVINIM.DEGISIM.DONGU 179

1. GIRIS

Yiiksekogretim Kurumu 2022 verilerine gore iilkemizde toplamda 78 ic
mimarlik ve i¢ mimarlik ve ¢evre tasarimi boliimii bulunmaktadir. Sayisal
puanla 6grenci alan ic mimarhik lisans programi 36, esit agirlikla 6grenci
kabul eden i¢ mimarlk ve cevre tasarim lisans programi 42’dir.i¢ mimarlk
lisans programinin 17’si, i¢ mimarlik ve ¢gevre tasarimi lisans programinin 6’s1
devlet iiniversitelerinde bulunmaktadir. Vakif {iniversitelerinde programin
daha fazla yer aldig1 gibi bu programlarin sayis1 her gecen giin artmaktadir.
Lisans programlarinin sayisinin ve 6grenci sayisinin artmasi ile miifredatin
uluslararasi diizeydeki programlarla denk tutulmasimi zorlastirmaktadir.

Genel cerceveden bakildiginda mimarlik zamana 6zgii gereksinmeleri
karsilamay1 hedef edinmis siirekli gelisen yapisal bir sanat olarak
tanimlanmaktadir (Giir,2017: sf11). Mimarlik egitiminin de bu anlayisa yetkin
tasarimeilar yetistirmesi i¢in miifredatlarini gilincel tutmasi gerekmektedir.
Giinlimiizde mimari tasarimda makine o6greniminden fabrikasyon
teknolojilerine, yapay zekadan Biiyiikk Veriye (Big Data) kadar olan tiim
sayisal araclarin kullaniminin, her gegen giin hizh bir sekilde yayginlagtigin
goriilmektedir (Space1o, n.d.). Bu sayisal ortamlara yonelik ilginin artmasi,
kullanilan araclarin 6gretilmesine yonelik derslerin mimarlik egitiminde de
yer almasini gerekli kilmaktadir.

20. yiizyilin ikinci yarisinda yaganmaya baglanan ve 21. yiizylla damgasim
vuran bilgi ve iletisim teknolojiklerindeki biiyiik gelismeler bircok disiplini
etkilemektedir (Brooks, 2014). Mimarlik ve iligkili disiplinlere dahil olan
sayisal ortamlar da siirekli yapisal degisikliklere ugramaktadir (Onder,2002).
Tek boyutlu yaziya dayali arabirimler yerlerini, iki boyutlu gorsel grafik
tabanli uygulamalara ve bugiinlerde sanal gerceklik uygulamalariyla birlikte
3 boyutlu es zamanl doniisen bir ortama birakmistir (Onder, 2002). Tek
boyutlu yaziya dayali bilgisayar etkilesimli grafikler MIT Laboratuvarinda
Ivan Sutherland’in gelistirdigi sketchpad sistemi ile baglamigtir ve 1960’larda
mimarlik ofislerinde yerini almigtir (Bardak,2007) (Sekil 1). CAD sistemleri
1970’lerde, 80’lerde siirekli geliserek ii¢ boyutlu modelleme araglarina
gecilmis, hareketli gorsellestirme (animasyon) veya malzeme, 151k gibi sanal
mekanlarin olusturulmasina baglanmigtir.
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Sekil 1: Ivan Sutherland Sketchpad'i kullanirken (sol: Erioli, 2020) Sketchpad arayiizl
(sa@: Bahren, 2003)

Sayisal tasarim analog yaklasima gore daha etkili, tiretkenligi artiran ve
farkli sonug iiriin alternatiflerini pratik bir sekilde elde edilmesini saglayan
bir yontemdir. Bilgisayar yardimiyla olusturulan tasarimda iiretilmis
¢oziimiin ya da temsil edilen ¢6ziimiin aktarilmas1 amaciyla gelistirilen
¢izim algoritmalar1 yillardir yaygin olarak kullanilmaktadir (Saglamer,1977).
Sektore ve uluslararasi egitime denklik saglanmasi icin sayisal tasarim
ve fabrikasyon yontemleri egitim siirecinin bir pargasi haline gelmelidir
(Gokoglu, 2021). Giiniimiizde i¢ mimarhk egitiminde de teknolojinin
yansimalar: tasarim ve iiretim siirecleri baglaminda kendini gostermektedir.
Ic mimarlarm teknolojiyi daha fazla kullanmalarm saglayacak derslerin
verilmesi, mesleki becerilerini gelistirmelerini de saglayacaktir. Bunun icin
de egitim miifredatinin uluslararasi1 egitim programlarinin siirekli takip
edilip mevcut programin giincellenmesi gerekmektedir. Soliman, Taha
ve Sayad (2019) yaptig1 calismada 9 farkl iilkeden 20 iiniversite ile anket
caligmasi yaparak mevcut miifredattaki bilgisayar kullanimi1 durumunu tespit
edilmistir. Universitelerdeki dersler 2 boyutlu ve 3 boyutlu sunum, BIM,
Parametrik tasarim, GIS, sayisal fabrikasyon, simiilasyon, cevresel teknoloji,
inga teknolojisi, iletigsim, programlama, kodlama ve Script olusturma olarak 10
baghkta toplanmistir. En ¢ok kullanilan yazilimlar sirasiyla Autocad (%696,92),
Adobe Photoshop (%92,31), 3D Studio Max (%73.85) oldugu tespit edilmistir.
Uluslararas1 okullarda parametrik tasarim, dijital fabrikasyon ve Script
olusturma gibi teknolojilerin yeni yeni uygulanmaya baslandig: belirtilirken,
Grasshopper gibi araclarla algoritmik diislinceye yonelik uygulamalarin
miifredata dahil edilmesi onerilmektedir (Soliman, Taha ve Sayad, 2019). ic
Mimarlik egitimin yurtdisindaki programlarda egitim siiresi ve meslek tanimi
degisiklik gostermektedir. ABD’deki ve Avrupa’daki i¢ mimarhk egitiminin
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karsihgy Tiirkiye’deki karsiligindan oldukga farkhidir. Egitim programlarinin
“Interior Design” ve “Interior Architecture” olarak farklilik gostermesi
nedeniyle dogrudan uluslararasi programlarla kiyaslama yapilmamustir.
Ancak KU Leuven iiniversitesinde yer alan I¢ Mimarhk lisans programinin
icerigine bakildiginda egitimin ilk yariyillarinda sayisal tasarim derslerinin
Laboratuvar Dersleri baghg altinda yer aldig1 Autocad, Rhino, Grasshopper’a
Giris, Indesign ve Photoshop gibi yazilhimlarin 6gretildigi goriilmektedir (KU
Leuven, n.d.).

2. YAPILAN CALISMALAR

Calismada veri toplama araci olarak Yiiksekégretim Kurumuna bagh ig
mimarlik ve i¢ mimarlik ¢evre tasarimi lisans programi bulunan {iniversitelerin
boliim sayfalarinda yayinlanan Bologna verilerinden faydalanilmistir. Bologna
verisine erigilemeyen programlarin boliim baskanlar veya ilgili 6gretim {iye
ve elemanlar ile iletisime gegilerek eksik veriler tamamlanmaya ¢alisilmigtir.
Geri doniis alinamayan boliimlere ait veriler calismanmin siirhhigini
olusturmaktadir. Bologna verisinde sayisal ortamda yapildigi belirtilen
kodlama, dijital fabrikasyon, 2 boyutlu veya 3 boyutlu temsil olusturma,
piksel veya vektor tabanli gorsellestirme, parametrik / iiretken / algoritmik
tasarim anlayisina yonelik icerigi bulunan dersler tespit edilmistir. Verilerin
degerlendirilmesinde igerik analizi yaklagimi kullamlmigtir. Arastirma
sorularina verilecek cevaplar goz Oniline alinarak, verilerde siniflandirma
yapilmis iiniversite adi, iiniversitenin tiirii, ders ads, kredj, teorik / uygulama,
dersin verildigi yariyil, 6gretilen yazilim / kodlama dili / dijital fabrikasyon
gibi bagliklar altinda siniflandirma yapilarak Microsoft Excel yazilimi {izerinde
sayisal ortama aktarilmigtir. Bu veriler niceliksel olarak analiz edilmistir.

2.1. Verilerin Toplanmasi

Calismada veri toplama araci olarak Yiiksekogretim Kurumuna bagh ic
mimarlik ve i¢ mimarlik cevre tasarimi lisans programi bulunan iiniversitelerin
boliim sayfalarinda yayinlanan Bologna verilerinden faydalamilmigtir. Bologna
verisine erisilemeyen programlarin boliim bagkanlar1 veya ilgili 6gretim {iye
ve elemanlari ile iletisime gecilerek eksik veriler tamamlanmaya caligilmistir.
Geri donilis alinamayan boliimlere ait veriler calismanin  smirlihigim
olusturmaktadir. Bologna verisinde sayisal ortamda yapildig1 belirtilen
kodlama, dijital fabrikasyon, 2 boyutlu veya 3 boyutlu temsil olusturma, piksel
veya vektor tabanl gorsellestirme, parametrik / tiretken / algoritmik tasarim
anlayisina yonelik icerigi bulunan dersler tespit edilmistir.
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2.2. Verilerin Analizi

Verilerin degerlendirilmesinde icerik analizi yaklagimi kullanilmigtir.
Aragtirma sorularina verilecek cevaplar goz oOniline alinarak, verilerde
siiflandirma yapilmais tiniversite adi, tiniversitenin tiirii, ders adi, kredi, teorik
/ uygulama, dersin verildigi yariyil, 6gretilen yazihm / kodlama dili / dijital
fabrikasyon gibi baghklar altinda siniflandirma yapilmis ve Microsoft Excel
yazilimina aktarilarak nitel veriler nicel verilere doniistiirilmiistiir.

3. BULGULAR

Calisma kapsaminda sayisal ortamda kullanilan araclar kodlama, yazilim ve
dijital fabrikasyon olarak gruplandirilmistir. Modelleme, 2d ¢izim, vektor
ve piksel tabanli programlar, aydinlatma / havalandirma, metraj hak edis
hesaplamalarinin yapildig1 programlarin tamami yazilim baghklar1 altinda
degerlendirilmistir. icerik analizi sonuclarima gore 78 lisans programina
ait toplamda 480 farkh sayisal tasarim dersi elde edilmistir. Universitelere
baglh olarak sayisal tasarim derslerinin dagilimi Tablo 1’de verilmistir. Vakif
iiniversitelerinde bulunan sayisal tasarim derslerinin devlet iiniversitelerine
oranla daha fazla oldugu goriilmektedir. Bu derslerin %88’ yazilim 6gretilen
veya kullanilan derslerden olustugu goriilmiistiir. 480 ders arasinda 415
yazilim,12 dijital fabrikasyon dersi, 34 kodlama dersi bulundugu tespit
edilmistir (Sekil 2).

DERS SAYISI
M Ders Sayisi
[Fp)
Ll
<
Gizim Alani
& in
o~
| H . . .
— | N N
YAZILIM KODLAMA DIJITAL YAZILIM VE YAZILIM VE YAZILIM,
FABRIKASYON KODLAMA DilLi DIJITAL DIJITAL
FABRIKASYON FABRIKASYON
VE KODLAMA

Sekil 2. Sayisal Tasarim Ders Tirunin Dagihmi
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Miifredatta toplamda yalmizca kodlama dili igerikli 34 ders bulunmaktadir.
istanbul Teknik Universitesi’nin miifredatina bakildiginda ilk yariyihnda ic
mimarlik lisans 6grencilerine zorunlu olarak Python kodlama dili 6gretildigi
goriilmektedir. Programlamaya Giris- Python (ITU) ve Hesaplamali Diisiinme
(KHAS) olmak {iizere 2 dersin zorunlu olarak verildigi goriilmektedir. Diger
kodlama ile ilgili dersler iiniversite boliim veya ortak secmeli dersi olarak
verilmektedir. Bologna verilerine erisilebilen derslerde 6gretilen programlama
dilleri Python 5, C / C++ dilleri 4, HTML 4 , Processing / Java 3, Web Plus X6
Starter Edition 1 olarak tespit edilmistir.

Lisans programlarinin tamaminda en az 1 adet yazilim ogretilen ders
bulunmaktadir. Bu derslerin 216’s1 se¢meli, 214’ti zorunlu olarak verildigi
tespit edilmistir. 6 dersin zorunlu /se¢meli verilme durumuna erisilememistir.
Yazilim derslerinin verildigi yariyillara gore dagilimi ise 3. Yariyilda 89,
4.yanyillda 73 oldugu gorilmiistiir. Yazahm derslerinin agirhikli olarak 3.
Yariyildan itibaren verildigi sonucu ciksa da, 1. Yariyilldan itibaren yazilim
icerikli derslerin sayis1 25 ‘tir. Derslerin Bologna verilerinde donem kisitlamasi
yapilmayan 3. Donem ve sonrasinda da segilebilen esnek programlanmig
dersler de bulundugu tespit edilmistir.

Yazilim dersleri kapsaminda 6gretilen veya kullanilan yazilimlara bakildiginda
en cok Ggretilen yazilimlar Autocad 103, 3D Studio Max 93, Adobe Photoshop
69, V-ray Renderer 29, Rhinoceros 25, Sketchup 23, Revit 24, Adobe Illustrator
vb. 19, Grasshopper 13, Archicad 8, Corona Renderer 6, Cinema 4D 6, Lumion 5,
Dynamo 3, Artlantis 3, GIS 3, Fusion 360 3, Coral Draw 3, Mental Ray Renderer
2, Catia 2, Pepakura 2, SolidWorks 2, Heavy M 1, MAYA 1, Blender 1, CBS
1, Allplan 1, Keyshot 1, Movie Maker 1, Twinmotion 1, Sketchbook 1 seklinde
siralanmigtir. Bu yazilimlar haricinde 6grencilere temel bilgisayar derslerinde
Microsoft Yazilimlarinin 6gretildigi 8 ders bulunmaktadir (Sekil 3).
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= Autocad

= 3D Studio Max
Adobe Photoshop

= V-ray Renderer

= Rhinoceros
Sketchup

= Revit

= Adobe lllustrator

= Grasshopper

= Archicad

Sekil 3: Ogretilen yaziimlarin yiizdelik dagilimi

4.SONUCLAR

Calisma kapsaminda i¢ mimarlik egitiminde sayisal tasarim derslerinin
niceliksel analizi yapilmigtir. Bu analiz sonucu her iiniversitede en az 1
yazilimin Ogretildigi sayisal tasarimla iligkili ders oldugu tespit edilirken,
kodlama ve dijital fabrikasyon uygulamalarinin giiniimiizdeki miifredatta
sinirh olarak yer aldig1 goriilmiistiir. Calismanin arastirma sorular sirasiyla
yamitlanacak olursa; lisans programlarinda ne kadar yazilim/ kodlama/ dijital
fabrikasyon dersi bulunduguna bakildiginda 480 derse ulasilmistir. Lisans
programlarinda hangi yazihmlar / kodlama dili / dijital fabrikasyon araclar
ogretildigi sorgulandiginda kodlama dili olarak en fazla Python, yazihim
olarak en fazla Autocad yazilimi oldugu sonucuna ulagilmistir. Sayisal tasarim
dersleri hangi yariyilda verildigi sorgulandiginda en ¢ok 3. Yariyildan itibaren
miifredatlarda yer verildigi sonucu ortaya ¢ikmistir. Sayisal tasarim derslerinin
kredi agirhiklarinin sirasiyla en ¢cok 4 AKTS (156), 3 AKTS (138), 5 AKTS (95),
6 AKTS (26), 7 AKTS (8), 1 AKTS (4) 8 AKTS (2) oldugu tespit edilmistir.
Secmeli zorunlu olma durumlarina bakildiginda ise sayisal tasarim derslerinin
223 zorunlu, 253 se¢meli olarak verildigi goriilmiigtiir.

Dersiceriklerinden elde edilen yazilimlara bagli olarak 2 boyutlu temsil araglar
icin Autocad’in en ¢ok tercih edildigi, piksel ve vektor tabanli sayisal tasarim
araclarinda agirlikli olarak Adobe Photoshop kullanildigi, 3 boyutlu modelleme
araglarindan en ¢ok 3d Studio Max’in 6gretildigi, gorsellestirme araglarindan
en cok V-ray Renderer motorunun tercih edildigi gorilmiistiir. Rhino/
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Grasshopper ve Revit /Dynamo gibi liretken ve algoritmik tasarim anlayislarina
yonelik dijital ortamda gergeklestirilen hesaplamali tasarima yonelik derslerin
de giincel miifredatta siirh olarak yer verildigi goriilmiistiir. Universitelerin
yazilim, kodlama ve fabrikasyon araclarini aym derste bulusturdugu simirh
sayida dersi bulunmaktadir. Ogrencilerin sadece kendilerine o6gretilen
yazilimin olanaklar ile temsil araci olarak kullanacaklar1 anlayistan ziyade,
sayisal tasarim araclarinin tasarimin tiim siirecine dahil oldugu, sinirh
kaldigi durumda tasarimcimin ara yiizler / eklentiler ekleyebilecegi bir
anlayisla sayisal tasarim derslerinin verilmesi gerekildigi diisiiniilmektedir.
Giintimiizde oldukca popiiler olan parametrik, iiretken ve algoritmik tasarim
anlayisina yonelik yazilim, kodlama ve fabrikasyon derslerinin ¢ogaltilmasinin
uluslararasi egitim programlarina denk bir miifredata sahip olunmasina katki
saglayacag diisiiniilmektedir. Miifredatta yer alan dersler haricinde cesitli
workshop ve seminerlerle egitimde bu agikligin kapatilmaya calisildig: goriilse
de, 4 yillik ic mimarlik egitiminde bu derslere miifredatta yer verilmesinin
ogrencilerin konu ile ilgili bilgisinin ve yetkinliginin kalic1 olarak artmasina
daha fazla olanak saglayacaktir. Tasarim egitiminde tipki Bauhaus’ta yasanilan
tasarim devrim gibi, bilisim ¢aginda da bir devinimin siiregeldigi, dijital
araclarin bir degisime yol actig1 goriilmektedir. Universite ve boliim tiiriine
bagh olmaksizin tasarim egitiminde sayisal tasarim derslerinin igerigi, amaci
ve ¢iktilarina yonelik ortak bir miifredatin belirlenmesinin, egitimde olusan bu
degisikligin biitiin programlarda yakin sonuclara yol agmasini destekleyecegi,
sayisal tasarim araclar1 kullaniminda esit yetkinliklere sahip tasarimcilarin
yetistirilmesini saglayacag diisiintilmektedir.
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Form Bulma Arayisinda Izgara Kabuk
Sistemlerin Mimarlik Egitiminde
Degerlendirilmesi
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Ozet

Mimarlik egitiminin temel problemlerinden biri 6grencilerin form — striiktiir
iligkisini kurmakta yagadiklar zorluklar ve form — striiktiir iligkisini biitiinlesik
diisiinememeleridir. Ayni zamanda striiktiir ve malzemeden bagimsiz sadece
formal kaygilara dayali mimarlik bakis agisi1 da vardir. Oysaki, glinlimiizde,
sadece formun diisiliniildiigii tasarim yaklagimlar1 yerine striiktiir, enerji,
malzeme gibi cok amach performans hedeflerinin oldugu biitiinlesik tasarim
yaklagimlar ve yenilik¢i sistemler tercih edilmektedir.

Bu baglamda, mimarhk alaninda yenilik¢i yaklagimlardan biri olan 1zgara-
kabuk (grid-shell) sistemlerinin mimarlik egitiminde degerlendirilmesine
bu calisma icin uygun goriilmiistiir. Bu sistemler, form bulma siirecinde
esneklik saglamakta, form-striiktiir biitlinliiglinii anlatmakta, erken
tasarim asamalarinda muglak ve yaratict bir tasarim kesfi icin gerekli
ortam1 saglamaktadir. Bu amacla, 1zgara kabuk sistemlerin potansiyelini
degerlendirmek iizere form, striiktiir ve yapim tekniklerini konu alan “Yapi
Teknolojileri” dersi projesi kurgulanmis ve mimarlik bolimii 6grencileri
tarafindan uygulanmigtir. Kurgulanan sistem, 6grencilerin bireysel ve grup
caligmalarini igermekte olup farkli malzeme, Olcek ve tekniklerle denemeler
yaparak form bulma ve yapma siireclerini hayata gecirmelerini saglamistir. Bu
calisma, Onerilen sistem, sistemin mimarlik egitimine uygulanmasi, sistemin
ogrenciler ve yazarlar tarafindan degerlendirilmesini icermektedir.

Anahtar Kelimeler: Mimarlik egitimi, Form bulma, Izgara kabuk sistemler,
Yapi teknolojileri, Yaparak 6grenme
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Evaluating Grid Shell Structures
during Form-Finding in
Architectural Education

TAYIBE SEYMAN GURAY'®, BURCU KISMET?
"Fenerbahge University, 2Beykoz University
"tayibe.guray@fbu.edu.tr, 2burcukismet@beykoz.edu.tr

Abstract

One of the main problems of architectural education is the difficulties
experienced by students in establishing the relationship between form and
structure and their inability to build the relationship between form and
structure in an integrated manner. At the same time, there is an architectural
education based only on formal concerns, independent of structure and
material. However, today, instead of design approaches in which only form
is considered, integrated design approaches and innovative systems with
multi-purpose performance goals such as structure, energy and materials
are preferred. In this context, the evaluation of grid-shell structures, which is
one of the innovative approaches in the field of architecture, in architectural
education was deemed appropriate for this study. These systems provide
flexibility in the form-finding process, explain the form-structure integrity,
and provide the creative environment for an ambiguous design exploration in
the early design stages. For this purpose, the “Building Technologies” course
project, which deals with form, structure and construction techniques, was
designed and implemented by the students of the architecture department in
order to evaluate the potential of the grid shell structures. The designed system
includes individual and group work of students and enabled them to realize
the process of finding and making forms by experimenting with different
materials, scales and techniques. This study includes the proposed system,
its application to architectural education, and the evaluation of the system by
students and authors.

Keywords: Architectural education, Form finding, Grid shell structures,
Building technologies, Learning by doing
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1. GIRIS

Mimarlik egitiminin temel problemlerinden biri 6grencilerin form - striiktiir
iligkisini kurmakta yasadiklar1 zorluklar ve form — striiktiir iliskisini biitiinlesik
diisiinememeleridir. Oysaki, giliniimiizde, sadece formun diisiiniildiigi tasarim
yaklagimlar1 yerine striiktiir, cephe, performans gibi ¢ok amaghi performans
hedeflerinin oldugu biitiinlesik tasarim yaklagimlari tercih edilmektedir. Bunun
sebepleri arasinda malzeme, ingaat ve bilisim alanindaki yenilik¢i yaklagimlar,
Endiistri 4.0’1n sagladig1 teknolojik gelismeler ve bunlarin mimarlik sektorii ile
biitiinlesmesi vardir. Bu baglamda, mimarlik alaninda yenilik¢i yaklasimlardan
biri olan 1zgara-kabuk (grid-shell) sistemlerinin mimarhk egitiminde
degerlendirilmesine bu ¢alisma igin uygun goriilmiistiir. Bu sistemler, form bulma
siirecinde esneklik saglamakta, form-striiktiir biitiinliigiinii anlatmakta, erken
tasarim asamalarinda muglak ve yaratici bir tasarim kesfi icin gerekli ortam
saglamaktadir (D’Amico et al., 2015; Mesnil et al., 2018). Kabuk sistemler, antik
donemlerden itibaren kullanilan yapim tekniklerindendir. 1960’1 y1llarda Frei Otto,
Isler, Fuller, Candela gibi 6ncii mimarlar tarafindan bilgisayar desteksiz — manuel
sistemler olarak ele alinip, deneysel calismalarla gelistirilmistir. Ancak 6zellikle
2000’lerin ikinci yarisindan itibaren hem bilgisayar destekli mimari tasarim (CAD)
programlarinin gelismesi ve yayginlagmasi, optimizasyon konularinin éneminin
kavranmasi ve dijital fabrikasyon alaninda meydana gelen gelismeler hesaplamali
tasarim ve parametrik tasariminin Onemini ve tasarim yaklagiminin bu yone
kaymasina sebep olmustur.

Hesaplamali tasarim, sayisal ve belirli bir kurala dayali iiretken tasarimlara ulasmay1
hedeflerken, parametrik tasarim bir degiskene bagh olarak mimari tasarimin
formunun tamaminin veya bir kisminin degismesi olarak tanimlanabilir (Singh&Gu,
2011; Menges&Ahlquist, 2011). Izgara kabuk sistemler de hem hesaplamali tasarim
yaklagimlarinin hem de dijital fabrikasyon yontemlerinin gelismesi ile potansiyeli
fark edilen bir yap1 teknolojisidir. Siirdiiriilebilirlik konularin son derece acil olarak
diinya giindeminde olmasi, optimum malzeme, optimum enerji ve optimum form
iizerinden tasarim yapmayi 6n plana ¢ikarmaktadir. Ayn1 zamanda, bu sistemler,
aragtirmacilarin ve mimarhk okullarinin form bulma siirecinde kullandig
yontemlerdendir. Ornegin, MIT, Princeton University, Aarhus University,
University of Bath, Anhalt University, Edinburgh Napier University okullarinda
form bulma, striiktiir optimizasyonu, hafif yapim sistemleri (light-weighted
structures) ve siirdiiriilebilir yapim yontemleri ile ilgili olarak aragtirma ¢aligmalar1
devam etmekte olup, mimarhk miifredatina entegrasyonu {iizerine calismalar
devam etmektedir (Adriaenssens vd., 2015). Tiirkiye’deki mimarlik béliimlerinin
miifredatina bakildiginda, bu sistemlerin sinirhi sayida dahil edildigi ve ¢ok kisith
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sayida makale ve tez calismalar1 bulunmaktadir. Ornek olarak, “YOK tez” web sitesi
“izgara kabuk” anahtar kelimesi ile tarandiginda sadece 3 teze ulasilmaktadir ve bu
3 tez de 2020 yilina aittir. Bu durumda, bu sistemlerin gelismeye acik, giincel bir
aragtirma alani oldugu ve Tiirkiye’deki egitim 6zelinde potansiyelinin tam olarak
degerlendirilmedigi goriilmektedir.

Bu calismanin amaci, mimarhk egitimindeki form-striiktiir iligkinin dogasini
kavramay1 saglayan ve mimarlik sektoriiniin teknolojik doniisiimiine cevap
verebilecek egitim anlayigin1 mimarlik boliimiine kazandirmaktir. Bu amacla,
1zgara kabuk sistemlerin potansiyelini degerlendirmek iizere form, striiktiir ve
yapim tekniklerini konu alan “Yap1 Teknolojileri” dersi ele alinacaktir. Izgara kabuk
sistemler sayesinde esnek form bulma ve striiktiir optimizasyonu kavramlariyla
ogrencilerin algisin arttirmak da arastirma projesinin diger bir amacidir. Ayni
zamanda, bu konuda dersin uygulandig: tiniversitede know-how birikimi edinmesi
on goriilmektedir.

2. YAPARAK OGRENME

Schon (1985)’e gore mimarlik egitimini 6zellestiren ve ayricalikli kilan, deneyim
ve yapma odakli 6grenme sistemidir. Mimarlik egitiminin giiniimiizdeki
temelleri 1641°de Fransiz Kraliyet Akademisi ile atilmis, diger bir taraftan
da es zamanh olarak usta-cirak 6grenmesine dayali mimari iiretim ve egitim
pratigi siirmistiir (Uluoglu, 1990). 1797’de kurulan ve 19. ylizyillda Avrupa ve
Amerika’ya yayilan Ecole des Beaux-Arts egitim sistemi, uygulamanin okulla
entegre hale getirilip, tasarim stiidyolarinin mimari egitim ile harmanlandig:
mimarin kuramsal olarak da sistemin iginde yer aldigi model olup mimari
tasarim egitiminin gelisiminde 6nemli rol oynayan ilk koklii mimarlik okul
sistemidir (Uluoglu, 1990, Aridag ve Aslan, 2012 ve Onur ve Zorlu, 2017).
20.ylizy1l basinda Bauhaus Okulu olarak yaparak 6grenmeye dayali egitim
modeli ise tasarim ve iiretim yapilan stiidyo temelli olup, tasarim egitimini
sinirhl  bi¢cim-diizen esaretinden kurtararak, uygulama ve deneysellige
agmigtir. Mimarlik egitimi, usta-cirak iligkisinin siirdiiriildiigii biiyiik stiidyo
modelinden uzaklasarak, grup yiiriitiiciistiniin ve grup iiyelerinin paylagimini
esas alan katihma atlye ortami doniismiistiir (Ozkar, 2009 ve Cordan et al.,
2012). Ayrica 1960’ yillardan itibaren bilisim ve dijital kavramlar1 tasarim
stiidyolarina entegre edilmeye baslanmistir (Cagdas, 2000). 1990’larda, bilgi
teknolojileri tiim diinyada hizla yayginlasmas1 (Cagdas ve Tong, 2005) ile
ogrenme geleneksel olan didaktik derslerden uzaklastirarak kendi kendini
yonetme, grup calismasi ve ig birligine- is boliimiine dayali akran 6grenimi,
teknoloji destekli 6gretim gibi farkli alanlarla giintimiizde de devam etmektedir
(Birt ve Cowling, 2018).
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3. METODOLOJi

Calismada, konstriiktivist yaklasim benimsenerek Dewey’in “yaparak 6grenme”
(Mala ve Singh, 2017) ortamlarinda, 6grencilerin proje gelistirmeleri ve bunun
iizerinden 6grenmenin gerceklesmesin odaklanilmistir. Proje odakli 6grenme
(POO) sayesinde bu yaklasim egitimde uygulanabilmektedir. Bununla birlikte,
Duit (2016), konstriiktivist yaklasiminin teknik derslerin anlatilmasi ve
ogrenilmesindeetkilioldugunubelirtmektedir. Busayede 6grenciler pasif—sadece
dinleyici durumundan ¢ikip, aktif ve {ireten bireylere dontismektedirler (Kurt,
2011). Bu calisma, teorik derslerde POO bilesenin tasarlanmasini ve 6grencilerin
ders donemi siiresince bu siireci deneyimlemesini hedeflemektedir. POO
bileseni, 6dev veya uygulama yapilmasi yerine; siire¢ icinde 6grenci ve yiiriitiicii
etkilesimi ile gelisen — doniisen ve iiretilen projeyi ifade etmektedir. Ogrencilerin,
teorik bilgileri bireysel olarak degerlendirip bir iiretim ortaya koymalar
beklenmektedir. Bu yaklasim, analiz-sentez-degerlendirme asamalarindan
olusan Bloom’un taksonomisi (1956) ile de uyumludur. Calismanin yontemi,
1zgara kabuk sistemler ile biitiinlesik POO bileseni tasarim cercevesinde Yapi
Teknolojileri dersinin tasarimi ve uygulanmasin1 kapsamaktadir. Model, 2022-
2023 Giiz donemi boyunca gelistirilmis ve X Universitesi Mimarhk Boliimii'nde
Yap1 Teknolojileri dersine uygulanmistir. Bu ¢aligma kapsaminda 6grencilerin
bilgi diizeyi ve birikimleri diisiiniilerek 3.sinif diizeyinde Yap1 Teknolojileri dersi
miifredat: biitiinciil olarak ele almmistir. POO bilesenin tasarimu, 6zellikle form
bulma (form-finding) kavramina odaklanip form-striiktiir iligkisini 6grencilere
daha iyi anlatmaya ve bu yaklasim ile serbest formlar tiretim denemelerini
kapsamaktadir. Bu baglamda yontem akis diyagrami Sekil 1’de goriilmektedir.

Lectures by Authors

Explanation of

Shell Structures, contemporaray

construction techniques, grid shell Physical Prototype
structures

A
17 / N\
Physical < Prototype >
Prototyping 4
&\ A4

Research by Students Scaled Model

1/20 Scaled

Research about idiion Evaluation of assembly Evaluation of
Model Making

#rid shell structure pris
wamphs specifying joints

Digital Workflow

3m x 4m grid layout

/\
Determination VN
of v \

+|  ahternavites P +_oigital Model >
‘ N p

A 4

Sekil 1: Yontem is akis diyagrami
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Dersi alan hedef 6grenci grubu 13 kisi olup, Yap: Bilgisi ve Malzemesi I, II, III,
Mimarlikta Dijital Medya I, II, Statik-Mukavemet gibi 6nceki dénemlerdeki
dersleri almis olan lisans 3. sinif 6grencileridir. Boylece 6grenciler dijital bilgi
ve becerilerle birlikte yap1 elemanlari, yapim teknikleri, yapi malzemeleri, yap:
sistemleri, tasiyic1 sistemler hakkinda bilgi ve beceriye sahiplerdir. Dersin
proje bileseninin amac, kapsam ve gereklerini aciklayan bir dokiiman olarak
proje foyii hazirlanmis ve 6grencilere iletilmistir. Izgara kabuk sisteme sahip
bir pavilyonun Beykoz Sahil Etkinlik Alam icin tasarlanmasi istenmistir.
Bulundugu alanla da iligkili olabilecek, dinlenme, sarj istasyonu, bisiklet
park:i gibi kamusal fonksiyonlardan bir veya birkacgini icermesi istenmistir.
Pavilyonun taban alaninin 3m x 4m’yi gegmemesi, maksimum yiiksekliginin
ise 3m olmasi beklenmektedir.

4. BULGULAR

Tasarlanan PBL bilesenin 6grencilerle en etkin bicimde ders yiiriitiiciisii
ve ders arastirmacisinin Onderliginde en etkin bicimde gerceklesmistir.
Gercekleme 3 alt asamadan olusmustur: Izgara kabuk sistemlerle ilgili ders
anlatimi, bireysel calisma ile form bulma denemeleri, grup ¢alismasi ile form
bulma denemeleriyle biitiinciil bakis gelistirme.

4.1. Izgara kabuk sistemler ders anlatimi:

Hesaplamali tasarim, parametrik tasarim, dijital fabrikasyon kavramlar
ve yapi malzeme bilgileri 6grencilere aktarilmistir. Ozellikle 1zgara kabuk
sistemlerin tasarim prensipleri, striiktiirel caligma prensipleri ve teknik
detaylar1 iizerinde bilgi aktarilmigtir. Striiktiirel davramisina gore, tabaka
sayisina gore, 1zgara diizenine gore ve formlarina gore 1zgara kabuk
sistemlerin farkl siniflandirilmalar1 anlatilmistir. Diinyadan farkli deneysel
calismalar ve Isvicre’deki Swatch genel merkez binasi gibi 6rnekler iizerinden
degerlendirmeler yapilmistir.

4.2. Bireysel calisma:

Ogrencilerin alternatif gelistirmesi ve form bulma denemeleri ve 1/20 6lcekli
maket iiretimi ve modellenmesi. Ogrencilere dagitilan proje foyii uyarmca
istenen gereklere uygun 1zgara kabuk sistem bir yar1 agik pavilyon i¢in malzeme,
striiktiir, birlesim detay1 kararlarim1 vererek ve istenen fonksiyon uyarinca
calisilmas: istenmigtir. Form hem striiktiirle hem de verilen fonksiyonun
gerekleriyle sekillenirken malzemenin yapabilirlikleri kavranmigtir (Sekil 2).
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Sekil 2: Bireysel form bulma denemeleri

Ogrenciler ¢ita, mukavva, maket kartonu, ¢op sis, kagit vb. gibi farkli malzemelerin
1zgara kabuk striiktiir olusturabilirligi ile ilgili denemelerle algilarini geligtirmislerdir.
Sekil 3’te bu denemelerden elde edilen iiriinlerin bir kismi yer almaktadir.

Sekil 3: Bireysel form bulma denemelerindeki Gretimlerden bazilari
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Bireysel caligma maketleri yani sira 3 boyutlu modelleri ve plan, kesit, goriiniis
cizimleri ve baglant1 detaylariyla pafta iiretimleriyle malzeme-striiktiir-form
iligkisi kurulmustur (Sekil 4 ve Sekil 5).

Sekil 5: Ogrenci sonug iirlin paftalari (S. Acarlioglu, B. Demirbag)
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4.3. Grup Calismasi- Form Bulma Denemeleri:

Grup caligmasi once teknik ve malzemenin belirlenmesi igin 6n denemeler
yapilmasiyla baglamistir. Oluklu mukavva malzemeyi seritler halinde keserek
1zgaralar1 olusturma fikri kabul gormiis ve denemelerle ne kadar kalinlikta
olursa yeterli mukavemeti saglayacag: tartisilmigtir. Izgara kabugun yapimi
icin, mukavvadan kesilen seritlerden olusan iki boyutlu bir hasir- 1zgara
olusturulmustur. Daha sonra bu hasir-izgaranin kenarlarindan itilerek en
ii¢ boyutlu uygun formu almasi deneyimlenmistir. Bu sirada baglantilar test
edilmis, kenarlarda rijit baglant1 kullanilarak iki egrilikli yiizey kendi bagina

ayakta durabilir forma ulagmistir. Bununla birlikte, 1zgaralarin siklig1, baglanti
detay1 gibi kararlar denemeler yapilarak verilmistir (Sekil 6,7 ve 8).

Sekil 7: Form-struktir calismalari 1/5 élgek
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Sekil 8: Grup ¢alismasi sonug Uriin

4.4. Anket Calismasi

Gergeklestirilen POO ve 1zgara kabuk sistem form deneme calismalari cesitli
yontemlerle degerlendirilmistir. Bu cercevede bir degerlendirme anketi Google
Forms araciligiyla olusturulmus ve dersi alan 6grencilere uygulanmistir. Anket
formu Sekil 9’da yer almaktadir. Anket kapsaminda toplam 7 soru sorulmus
olup, tiim sorularda 5’li Likert Olcegi kullanilmustir.

N . 4. 4. Form bulma sirecinde 1zgara kabuk sisteme odaklanarak cakgmanin form kegfetme
Yapi Teknolojileri becedi gelgirdgil dogdrdyorum.

Form Bulma Arac: Olarak Izgara Kabuk Sistemler

123 4 s
1. 1. Dersten 6nce organik ve esnek formian denemeye gekiniyordum. Xes Kesinlikie ketibyorum.

Yalnizca bir gikki igaretieyin,

1.2 3 4 5

5. Form bulma sdrecinde maket ile alternatit formiar Gretmenin form kegfetme ve tasanm
becerimi geligtirdigini dOgindyorum.
Kes! Kesinlikle katiliyorum.

12 3 4 s

Kesi Kesinlile katiyorum.
2. 2. Dersten dnce organik ve esnek formlarin striktaring anlamakta zorlaniyordum.
Yalnizca bir ikki isaretieyin.
6. 6. Form bulma sGrecinde maket ile Oretim stroktdr ve maizeme bilgi ve bilegenlerini bitdncal
12 3 4 5 olarak ddgGnmeni saglad.

Kes! Kesinlikle katiyorum.

12 3 4 s

Kes Kesinlie katiyorum
3. 3. Ders sirasinda form ve striktdr iligkisini kavradim.
Yainizca bir gikki iaretieyin. 7. 7.Grup caligmas: lle blylk Siceki maket retimi, form-striskidr-malzeme ligkisini farkh
agilardan sorgulaman saglads
12 3 4 s
Kesi Kesinlikle katiyorum.

12 3 4 s

Kes Kesinlikle katiyorum.

Sekil 9: Anket formu (Google Forms (izerinden doldurulmasi istenmistir.)

Anket kapsaminda oOgrencilerin Yap1 Teknolojileri dersini almadan 6nceki
tutumlarini anlamak iizere sorular birinci soruda % 53,9'u “katiliyorum” ve
“kesinlikle katiliyorum” diyerek organik ve esnek formlardan daha once
cekindiklerini belirtmiglerdir. Bununla birlikte %30,8’i ise nétr olduklar:
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yoniinde cevaplamigtir. Bununla birlikte ikinci soruda katihmeilarin %69,2’i
dersten Once organik ve esnek formlar1 anlamakta zorlandiklarini belirtmistir.
Ders sirasinda form-striiktiir iligkisini kavramig olmay1 sorgulayan iicilincii
soruda katihmeilarin %75,9’u olumlu cevap vermistir. Form bulma siirecinde
1zgara kabuk sistemin etkisini arastiran dordiincii’ soruda %92,3 ‘i
katiliyorum ve kesinlikle katihyorum olarak yanitlamiglardir. Form bulma
siirecinde maket ile caligmanin katkisinin sorgulandigi besinci soruya
katillmcilarin %84,6"1 kesinlikle katiliyorum, %15;4’1i ise katiliyorum sekilinde
cevap vermistir. Ayrica maket ile calismanin striiktiir ve malzeme bilgi ve
bilegenlerini biitiinciil olarak diislinceye katkisina katihimeilar %92,3 oraninda
“kesinlikle katiliyorum” seklinde cevap vermistir. Grup calismasi ile biiylik
Olcekli maket iiretiminin form-malzeme-striiktiir iligskisini kavramaya olan
katkisinin sorgulandig: yedinci soruda cevaplarin %75'i kesinlikle katiliyorum,
%16,7’1 ise katiliyorum seklindedir. Oldukga yiiksek bir oranda form-striiktiir-
malzeme iligkisini farklh acilardan sorgulamay: saglamasi acisindan biiyiik
Ol¢ekli maketin grup galismasi ile iiretiminin 6nemi vurgulanmistir. Tablo 1’de
sonuglar detayli olarak gosterilmektedir.

Tablo 1: Anket sorularina verilen cevaplar ve ylzde ile dagiimi

Kesinlikle Kesinlikle
katilmiyorum Katilmiyorum | Kararsizim | Katiyorum Katiliyorum

Soru Dersten dnce organik ve esnek
1 formlan denemeye cekiniyordum.

Dersten dnce organik ve esnek

1(%7,7) 10677) | 4(%308) | 2(%154) | 5(%359)

s‘;’“ formlarn strikitirtind anlamakia - 1077) | 3231 | 1(%7.7) | 8(%615)
Zorlaniyordum.

Soru Ders sirasinda form ve striiktir

3 ligksin kavradm, - 1(%7.,7) 2(%154) | 2(%154) | 8(%615)

Form bulma stirecinde 1zgara kabuk

Soru | sisteme odaklanarak galigmanin
4 | form kegfetme becerimi geligtirdiini

diistindyorum.

Form bulma siirecinde maket ile

Soru | alternatif formlar Gretmenin form
5 kesfetme ve tasarim becerimi
geligtirdigini digtiniyorum.

Form bulma siirecinde maket ile

Soru | {retim striktdr ve malzeme bilgi

- - 3(%231) | 9(%69.2)

- - - 2(%154) | 11(%846)

- 0 - _ 0
6 ve bilesenlerini biitiincil olarak 1(%7.7) 12(%92.3)
distinmemi saglad.
Grup calismast ile biiyiik 6lgekli
Soru | maket diretimi, form-striktiir-malzeme 1(%77) . - 2(%154) | 10(%76,9)

7 | iliskisini farkl agilardan sorgulamami
saglad.
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5.SONUC VE ONERILER

Siirdiiriilebilirlik kavraminin yapil ¢evre ile ilgili tiim alanlarda 6nem kazandigi
ve Endiistri 4.0 araglarinin kullaniminin hizlandig1 giiniimiizde mimarhk
egitiminin de bu yonde yaklagimlar gelistirmesi gerekmektedir. Bu baglamda
bu caligma siirdiiriilebilir bir yap: teknolojisi olarak giindemde olan 1zgara
kabuk sistemleri, form bulma denemelerinde “yaparak 6grenme” cergevesinde
kullanmay1 hedeflemistir. Boylece form-striiktiir-malzeme iligkisine biitiinciil
bakig getirme ve bunun i¢in deneysel bir ortam sunmaya odaklanmistir.

Bu calisgmanin baglica bulgusu izgara kabuk sistemlerin hem form bulma
denemeleri icin hem de form-striiktiir malzeme iligkisine biitiinciil bakis
i¢in uygun bir sistem oldugudur. Birlesim detaylari, malzemenin dayanima,
malzemenin miisaade ettigi sartlar, striiktliriin forma etkisi gibi konular
ogrenciler tarafindan donem boyunca sorgulanabilmistir. Donem sonunda dersi
alan 6grenciler arasinda yapilan anket calismas: da gostermektedir ki dersten
once %69,2’'inin organik ve esnek formlardan ¢ekindigi goriiliirken, 6grencilerin
%92’1 6nerilen siirec sayesinde striiktiir-malzeme-form iligkisine biitiinciil bakig
getirmeye basladiklarim ifade etmistir. Ozellikle grup cahismasinim fikir ahsverisi
yaparak akran 6grenmesi ile olumlu katkisi olmustur. %91,7’i grup calismasindaki
maket liretiminin bu yondeki katkisini olumlu sekilde degerlendirmistir.

Izgara kabuk sistemler 6grencilerin form bulma siirecinde yenilik¢i teknikleri
ve teknolojileri deneyimlemeleri i¢in firsatlar sunmugtur. Bu calismanin ana
katkilarindan biri, 6grenciler igin form ve striiktiiriin birbiriyle iligkili oldugu
biitiinlesik bir tasarim ortami yaratmis olmasidir. Ogrencilerin form ve striiktiir
davraniglarim1 daha iyi kavramalarina odaklanilmistir. Ayrica bu galigma,
giinlimiiz dijital caginda insaat sektorii profesyonelleri icin ¢cok daha 6nemli
hale gelen hesaplamali diisiinme mantigina giris niteligindedir. Ek olarak,
ogrenciler planlamanin, simiile etmenin ve ardindan iiretmenin Gnemine
odaklanmiglar, bu da onlarin yonetim becerilerini artirmalarimi saglarken
aym zamanda da sofistike bir deneyim ortami sunmustur. Onerilen siirecin
ogrencilerin biitiinlesik tasarima yonelik algilarim gelistirdigi gortilmiistiir.
Cevreye duyarh yaklagimlarla siirdiiriilebilir yapim acgisindan da bir bakis
getirmistir. Ayrica, cevresel siirdiiriilebilirlik icin, 1zgara kabuk sistemler
daha az malzeme kullanimi gerektirmekte ve genis malzeme yelpazesinde
tasarim yapma imkani sunmaktadir. Bu calisma i¢in secilen malzeme hem geri
doniistiiriilen hem de gelecekteki uygulamalar i¢in tekrar kullanilabilen oluklu
mukavva olmus olup hem uygun maliyetli hem dayanimh hem de iglemesi
kolay olmasi acilarindan fayda saglamistir. Bu siirec ile pratik ve esnek bir
form bulma siireci ortami sunulmustur.

XVII. Mimarlikta Sayisal Tasanm Ulusal Sempozyumu 17-20 Haziran 2023, istanbul



DEVINIM.DEGISIM.DONGU 199

Bu aragtirma projesinin kisitlarindan biri hesaplamali tasarimda kullanilan
programlarla 6grencilerin heniiz yeni tanisiyor olmasidir. Bu duruma kargin
ilerleyen donemlerde “Mimarlikta Sayisal Tasarim” dersinin 6grencilere
onceki donemlerde verilmesi diisiiniilmelidir. Ayrica gelecek calismalarda
malzeme cesitliliginin artirilmas: siirecin etkinligini artiracaktir.

Tesekkiir

Derse katkida bulunan tiim 6grencilerimize tesekkiir ederiz.
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Mimarlik Egitiminde Calistay Deneyimi:
Erken Tasarim Asamasinda Hesaplamali
Akiskanlar Dinamigi

BURCU KISMET
Beykoz Universitesi
burcukismet@beykoz.edu.tr

Ozet

Birlesmis Milletler, 2020-2030 arasindaki on yili iklim degisikligine karsi
siirdiiriilebilir gelismeler iiretmek icin harekete gecilmesi gereken ‘Decade
of Action’ olarak adlandirmistir. Bu ¢agri, mimarlik ve hesaplamali tasarim
alanindaki gelismeler dikkate alindiginda giiniimiiziin en Oonemli tasarim
konularindan biri performans odakli tasarimlardir. Mimarlik 6grencilerini
giinlimiiziin bu sorunlarina ve gereklerine hazirlayacak sekilde mimarhk
egitimini planlamak gereklidir. Hesaplamali tasarim diisiincesi ve araclari,
ogrencilerin performans odakl tasarimi deneyimlemesine yardimeci olan
yontemlerden biridir. Bu calisma kapsaminda performans odakh tasarim,
riizgar ve hesaplamali akigkanlar dinamigi (HAD) {izerinden ele alinmistir.
Dogal cevresel etmenlerden biri olan riizgarin erken tasarim agsamasinda etkin
bir parametre olarak mimari tasarim siirecine dahili tartisilmistir. Calisma
kapsaminda HAD’nin erken tasarim agamasina dahil edilerek gelistirilen
model, mimarlik 6grencilerine performans ve hesaplama kavramlarini
tasarim slirecine aktarmalarim1 amaclayan calistayda gerceklestirilmistir.
Calistay, verilen proje kapsaminda katilimcilarin HAD’nin temel prensiplerini
kullanarak riizgar performans1 dikkate alinan tasarim alternatifleri
olusturmas1 ve bu alternatiflerin degerlendirilmesini kapsamaktadir. Bu
baglamda 3 boyutlu modelleme ve yapi bilgi modelleme (YBM) araclarindan
faydalamilmigtir. Tasarim alternatifleri Revit programinda olusturulmus;
performans odakli tasarim ve YBM’'nin ara kesitinde bulunan Autodesk
CFD programi ise riizgar davranislarim simiile etmek i¢in kullanilmigtir.
Calistay sonucunda yapilan degerlendirmede mimarlar igin performans
odakli tasarim ve iiretim yontemlerinin kullanimi gelecege yonelik yenilikci
tasarim yaklagimlarini olugturmanin gereklerinden bir olarak goriilmektedir.
Bu calismada amaclanan, erken tasarim asamasinda etkin olarak riizgar ve
akigkanlar dinamigi prensiplerini kullanarak riizgar agisindan “siirdiiriilebilir”
tasarim alternatifleri tiretmek oldugu kadar; performans kavraminin tasarim
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eylemi ve siireciyle biitiinliik i¢cinde ele alinmasi konusunda farkindalik
olusturulmasidir. Bu baglamda, gelecek calismalarda performans odakh
tasarimin bilesenleri, farkli tasarim nosyonlar1 dahil ederek gelistirilebilir.

Anahtar Kelimeler: Erken tasarim asamasi, Hesaplamali akigkanlar
dinamigi, Hesaplamali tasarim, Mimari tasarim, Performans odakli tasarim
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Workshop Experience in
Architectural Education:
Computational Fluid Dynamics
at Early Design Phases

BURCU KISMET
Beykoz University
burcukismet@beykoz.edu.tr

Abstract

The United Nations has named the decade between 2020-2030 as the ‘Decade
of Action’, in which action must be taken to apply sustainable developments
against climate change. In this regard, one of the most important design topics
is performance-based design as result of the developments in architecture
and computational design. It is necessary to replan architectural education
to prepare the students for these current problems and requirements.
Computational design thinking and tools can be considered as a method to
help students evaluate and understand the performance-based design. In this
study, performance-based design is discussed through wind and computational
fluid dynamics (CFD). Wind, which is one of the natural environmental factors,
has been discussed as an effective parameter in the early design phase of the
architectural design process. Within the scope of the study, the model developed
by integrating the CFD in the early design phase. The model was applied in the
workshop aiming to transfer the concepts of performance and computation to
the architecture students. The workshop includes the participants’ creation of
design alternatives that take into account wind performance, using the basic
principles of CFD, and the evaluation of these alternatives within the scope
of the given project. In this context, 3D modeling and building information
modeling (BIM) tools were used. Design alternatives were created in the Revit
program and Autodesk CFD program was used to simulate wind behavior. At
the end of the workshop, the use of performance-based design and its methods
for architects is considered beneficial for creating innovative designs. The
aim of this study is to produce “sustainable” design alternatives in terms of
wind by using the principles of wind and fluid dynamics effectively in the early
design phase. The other objective is to raise awareness about the concept of
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performance being handled in integrity with the design activity and process. In
this context, the components of performance-based design can be developed
by incorporating different design notions in future studies.

Keywords: Computational design, Computational fluid dynamics, Early
design phase, Performance based design, Architectural design
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1. GIRIS

Sanayi Devrimi sonrasinda giderek artan bir hizla gerceklesen teknolojik
gelismeler, doga tahribatinin ve dogal kaynaklarin tiiketimin kontrolstiz artisi,
ozellikle 2000’li yillarindan bagindan itibaren iklim degisikligi konusunu
giindeme getirmistir. Onlem olarak siirdiiriilebilir kalkinma konusunda diinya
genelinde bir¢ok adim atilmaktadir. Bunlardan biri de Birlesmis Milletler
Habitat Programi’nin 2020-2030 arasindaki on yili iklim degisikligine kars:
siirdiiriilebilir gelismeler iiretmek icin harekete gecilmesi gereken ‘Decade of
Action’ olarak adlandirmasidir (BM Raporu, 2020). Giinlimiizde mimarhk
calismalarin siirdiiriilebilirlik ana ekseninde ele almak gereklidir. Mimarlara
diisen sorumluluk ¢evresel konular1 dig ve sonradan eklenen mekanik bir etmen
olarak degil, tasarimin erken asamalarindan itibaren tasarim ile biitiinlesecek
sekilde ele alinmasidir. Bu baglamda da performans odaklh tasarim 6n
plana cikmaktadir. Hesaplamali tasarimin mimarlik ile biitiinlesmesinin
yayginlagsmasi da bu durumu giiclendirmektedir.

Mimarlik 6grencileri de gilinlimiiziin gereklerini ve yaklagimlarini dikkate
alacak sekilde gerekli bilgi ve donanima sahip olmalidir. Birgok iiniversite
hesaplamali tasarim yaklagimlarimi lisans diizeyinden itibaren o&zellikle
tasarim stiidyolarina adapte etmektedir. Ancak, mimarlik egitiminin sadece
iiniversitedeki orgilin egitim ile sinirh kalmamasi, 6grencilerin siirekliligi
olan bir aragtirma ve iiretme ortaminm1 deneyimlemesi son derece 6nemlidir.
Bu baglamda calistaylar, gilincel arastirma alanlarini yaparak 6grenme
iizerinden Ogrencilere tanitmaktadir. Bu calisma kapsaminda da hesaplamali
tasarim diislincesi ve araglari, 6grencilerin performans odakli tasarimi
deneyimlemesine yardimci olan yontemlerden biri olarak kabul edilerek X
Sempozyumu (X 2022)'nda bir grup 6grenci tarafindan gerceklestirilmis ve
bu 6grencilerin bu alandaki farkindaliklarimin arttirilmasi hedeflenmistir.
Ogrenciler, riizgarin erken asamalardan itibaren etkin bir tasarim nosyonu
oldugu ve hesaplamal akigkanlar dinamigi (HAD) ile sorgulandig bir tasarim
siireci deneyimlemislerdir.

Bu ¢aligsma kapsaminda ilerleyen boliimlerde sirasiyla 2.boliimde performans
odakli tasarim ve hesaplamali akigkanlar dinamigi, 3.bdliimde ise mimarhik
egitimi ve mimarlik egitiminde calistayin konumlandirilmas: tartigilmigtir.
4.boliimde calistay siireci ve iiriinlerine yer verilmistir. 5.boliim, Onerilen
calistayin degerlendirilmesini icerirken, 6.boliim ise sonugctur.
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2. PERFORMANS ODAKLI TASARIM

Oxman (2008) performans odakli tasarimi, hesaplamali tasarim ile
iligkilendirerek iiretken bir sistem olan performatif tasarimi tanimlamigtir.
Performatif tasarim; hesaplamali tasarim siirecinin bir pargasi olarak giines,
riizgar, tasiyict gibi farkli performans kriterleri dikkate alinarak mimari
geometrik formun olusturulmas1 ve doniistiiriilmesini kapsamaktadir. Bu
tanimdaki hesaplamali form olusturma ve hesaplamali form doniistiirme
siiregleri performatif olarak kabul edilmektedir (Oxman, 2008). Giinlimiizdeki
ogrenen, akilli, programlanabilir malzemeler (Gramazio&Kohler, 2008;
Menges, 2016, Oxman, 2010; URL-2) ve cevresel konularin onceligi ile de
dikkate alindiginda mimarhk 6grencilerini giiniimiiziin bu sorunlarina ve
gereklerine hazirlayacak sekilde mimarlik egitimini planlamak gereklidir.
Hesaplamali tasarim diislincesi ve araclari, 6grencilerin performans odakli
tasarimi1 deneyimlemesine yardimei olan yontemlerden biridir. Performans
O0lcme ve degerlendirmede kullanilan yontemlerden biri de analiz ve
simiilasyonlardir.

2.1. Hesaplamali Akigskanlar Dinamigi (HAD)

Riizgar, erken tasarim asamasinda form bulma amaciyla kullanilan dogal bir
kuvvettir (Wilkinson, 2011). Geleneksel mimaride riizgarin o6zellikle iklim
kontrolii ve dayaniklilik saglamak i¢in kullanilmas:1 yaygindir (Coch, 1998).
Hem sicak hem de soguk iklim bolgelerinde riizgarin etkiledigi tasarim
ornekleri goriilmektedir ve 6zellikle ekstrem iklim kogullarinda riizgar, daha da
onemli bir tasarim nosyonu olarak mimari tasarim siirecine dahil olmaktadir
(Cook, 1996; Fitch&Branch, 1960; Iravani vd., 2009; Sahebzadeh vd., 2020).
Giincel ¢aligmalarda da 6zellikle ekstrem cevre kosulu olan ortamlarda riizgar
etkin tasarimlar gozlemlenmektedir (Kalantar&Borhani, 2017; URL-1). Riizgar
-0zellikle aerodinamik alaninda- akigkan yiizeylerle ve akici1 geometrilerde daha
iyi bir performans ortaya koymaktadir. Riizgar, bir akigkan kuvvet oldugundan
akigkanlar dinamiginin parcasi olarak incelenmektedir.

Hesaplamali akigkanlar dinamigi akiskan davraniglarinin ve sorunlarinin
sayisal veri ve algoritmalar ile bilgisayar ortaminda analiz edildigi mekaniginin
bir yontemidir. Mimarlar ve miihendisler ise HAD’ini riizgara daha dayanikh
ve rlizgara karsi koymayip onunla uyum ig¢inde olan yapilar tasarlamak igin
bir ara¢ olarak kullanmaktadirlar (Dimcic, 2011). Batchelor’a (2000) gore
kuvvet, akigkanlik yogunlugu, basing ve yercekimi akigkanlar dinamigini
etkilemektedir. Akigkanlik ve geometrilerin karmagikhig1 ile riizgar gibi
cevresel kosullarin entegre edilmesi, form bulma siirecine katkida bulunur.
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Geleneksel manuel hesaplamaya dayali akigkanlar dinamigi kullanmak yerine,
gercek iklim verilerine dayali sistemi etkin kullanarak en uygun mimari formu
elde etmek icin HAD oOnerilmektedir. Hesaplamali tasarim yaklagimiyla
birlikte akigkanlar dinamiginin yontem ve prensiplerini mimariye aktarmak
kolaylagsmaktadir. Ayrica HAD, riizgarin olumsuz etkilerinin azaltilmasini
saglayarak (Kim vd., 2011) mimarlik, performans, optimizasyon konularina
dolayl olarak dahil edilebilir.

Mimarhik alaninda riizgar davranigina gore formun belirlenmesi ve
geometri optimizasyonu mekanik ve aerodinamik alanindaki kadar yaygin
degildir (Wang et al., 2016). Ancak bu alanda calismalar 6zellikle son on
yilda artmaktadir. Riizgarin hesaplamali tasarimi ve riizgar etkin tasarim
alternatifleri Kormanikova vd. (2018)'nin calismasinda incelenmistir.
Kormanikova vd. (2018), riizgar performanslar1 dikkate alinarak beg farkh
rizgar etkin form tasarimi ortaya koymustur. Moya vd. (2014), kamusal
alanda riizgar konforunu iyilestirmek icin riizgar kuvvetini HAD ve geometri
optimizasyonunu kullanan ¢aligma gerceklestirmistir. Yiiksek katli yapilarda
ve kentsel tasarim alaninda da aerodinamigin temel prensipleri ve HAD
yontemlerini kullanan calismalar vardir (Bartoli et al., 2019; Kaseb&Rahbar,
2022; Waibel et al., 2017; Wilkinson, 2011; Zhang et al., 2020).

3. MiMARLIK EGITiMi

Schon (1985)e gore mimarlhik egitimini Ozellestiren ve ayricalikhi kilan,
deneyim ve yapma odakli 6grenme sistemidir. Tarihsel siirecte icinde mimarhk
hep var olmus ancak giiniimiizde mimarlik egitiminin temelleri 17.ylizy1lda
Fransiz Kraliyet Akademisi ile atilmistir (Uluoglu, 1990). Bu zamandan
itibaren ¢esitli akademiler ve iiniversiteler kurulsa da es zamanh olarak usta-
cirak 6grenmesine dayali mimari iiretim ve egitim pratigi siirmiistiir (Uluoglu,
1990). Gilizel sanatlar akademileri uygulamayi okulla biitiin hale getirip
tasarim stiidyolarinda mimarin kuramsal olarak da sistemin iginde yer aldig:
ve ylriitiiciiniin temel belirleyici oldugu modeldir (Uluoglu, 1990; Aridag ve
Aslan, 2012). 20.ylizy1l basinda Bauhaus Okulu yaparak 6grenmeye dayali
egitim modeli ile tasarim ve liretime dayali stiidyolar, mimarlik egitimini kat1
kural ve sinirlardan siyirarak, uygulama ve deneysellige acmistir. Mimarhk
egitimi, usta-cirak iligkisinin oldugu stiidyo sisteminden uzaklasarak, grup
yliriitiicisiiniin ve grup tliyelerinin paylasimini esas alan katilimci atolye
ortamma déniismiistiir (Ozkar, 2009). 1960’h yillardan baslayarak bilgi
ve iletisim teknolojilerindeki gelismeler ve araclarin mimarlik alanlarinda
modeller, mimari tasarimin ¢izim ve sunum asamalarinda kullanilmasi ile
tasarim stiidyolarina sanal ve dijital kavramlarinin entegre edilme siireci
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baslamis (Unkap, 2006); 1990’h yillardan itibaren ise dijital tasarim stiidyolar
ortaya cikmistir (Cagdas&Tong, 2005).

3.1. Mimarlik Egitiminde Enformel Bir Yaklasim Olarak Calistay

Enformel ortamlar, sezgilerin, spontanligin ve denemenin ortaya ciktig
ortamlardir (Yiirekli ve Yiirekli, 2004) ve mimarhigin dogas: ile dogrudan
iligkilidir. Ayrica mimari tasarim egitimi sadece iiniversite ve belirli saat
dilimleri ile simirh kalamayacak kadar genis ve sonsuz bir alandir. Siirekli
gozlem, deneme, diisiinme, yapma ve tiretimin dongii halinde oldugu ortamlar
mimari tasarim siireci ve egitimini besler. Bu baglamda da calistaylar,
enformel mimarlik egitiminin bir parcasidir ve ayn1 zamanda da 6rgiin egitimi
desteklemektedir. Caligtaylarin diger bir 6zelligi ise bilgiye ulagsmay1 yollarimi
kesfetmeyi deneyimleten, disiplinler aras1 ve elestirel yapida olmaldir.
Orgiin egitime gore cok daha kisa ancak yogun siirece sahip olan calistaylar,
alternatifler iiretebilmeyi, problemin farkli boyutlarin1 degerlendirebilmeyi
ve tartisma ortami yaratabilmeyi amaclar. Ortamin enformelligi, yiiriitiici
ve katilimlar arasinda kargilikh fikir aligverisi ve etkilesimin olmas: 6zellikle
sezgisellige ve denemeye acik olan erken tasarim agsamalar igin faydahdir.
Ayrica katihmeilar yeni bilgi ve becerileri yaparak 6grenirler, bu da 6grenilen
bilginin uzun siire hatirlanmasini saglar. Mimarhk egitiminde yapmanin,
“learning by doing” bakis agisinin ve 6grencilerin aktif katilime1 — 6grenciye
doniismesi tasarim yetilerine katki saglamaktadir.

4. CALISTAY

Calistay, X Sempozyumu kapsaminda bir yiiriitiicli tarafindan tasarlanmis ve
gerceklesmigtir. Calistaya 4 son simif mimarlik 6grencisi katilmigtir. Calistay, 8
saat siirmiis ve 1 giinde tamamlanmistir. Ogrencilere ilk olarak Google Forms
iizerinden hazirlanmig anket calismasi yapilmis ve 6grencilerin hesaplamal
tasarim, yapibilgimodelleme, performans odakli tasarim ve akigkanlar dinamigi
kavramlariyla iligkileri, bu konular hakkinda bilgi diizeyleri 6l¢iilmiistiir. Daha
sonra ogrencilere bu konularla ilgili kisa anlatim ve sunumlar yapilmigtir.

Bu calistayda amaglanan lisans diizeyinden itibaren o6grencilerin erken
tasarim asamalarindan itibaren performans odakli tasarim ile tanismalarini
saglamaktir. Performans odakhi tasarim bu calistay kapsaminda riizgar
iizerinden ele alinmigtir. Riizgarin tasarim nosyonu olarak kullanilmasi
geleneksel mimariden beri kullanilan bir yontemdir. Bu ¢alismada riizgar,
hesaplamali akigkanlar dinamiginin yontemleri kullanilarak tasarim
siirecine dahil edilmistir. Aym1 zamanda da diger bir amac; hesaplamal
tasarim, simiilasyon, optimizasyon gibi giincel konular1 temel bir seviyede
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bile olsa mimari tasarim siireciyle biitiinlesik ele alinabilecegini 6grencilerin
deneyimlemelerini saglamaktir. Bu baglamda c¢alhstay kapsaminda
ogrencilerden Antarktika i¢in arastirma ve barinma islevlerini karsilayacak bir
tasarim yapmalar1 istenmigtir. Antarktika'nin proje yeri olarak secilmesinin
sebebi ¢alistayda tasarimin formuna riizgar davranisi iizerinden karar verilecek
olmasi, Antarktika’'nin diinyanin en riizgarh bolgesi olmasi ve mevcut riizgar:
kesecek bir yapih ¢evrede bulunmamasidir. Calistay siirecinde Revit, Autodesk
CFD ve Lumion programlari kullamilmigtir. Calhistaya katilan 6grencilerin
temel Revit ve Lumion bilgilerine sahip olmalar1 beklenmistir. Autodesk CFD
programinda riizgar performansimi 6lgmek i¢in gereken komut ve yontemler ise
yiiriitiicii tarafindan 6grencilere gosterilmistir. Calistay siireci ve gergeklesen
adimlar Sekil 1°’de gosterilmistir.

Form

Revit Mass Modelleme
Ktlesel 3 boyutlu

Yapi Bilgi Modelleme

P alternatifierinin
o Projenin tanitilmasi | o
: form denemeleri p——

R

.
Segilen alternatifin Rizgar davranii en 3 altematife riizgar Secilen 3 alternatifin sat
Lumion'da render iyi olan alternatifin tlneli analizinin Gergek mekan fornatinda Autodesk
alinmas: seqimesi | yapimasi  |" . ) CFD'ye aktanimasi
C C C R ¢

Sekil 1: Calistayin is akisi

Performans Odakih Tasanm Autodesk CFD

Razgar Tuneli Analizi

Calistayda ogrencilere verilen proje Antarktika’da barinma ihtiyacini da
karsilayacak bir aragtirma merkezi tasarimidir. Bu proje, calistayin amaci ve
siireci dikkate alinarak sadece erken tasarim asamasini kapsamaktadir. Ayni
zamandadadgrencilerin plan gemasiveiglevdagilhimigibikonulari¢éziimlemeleri
calistayin igerigine dahil edilmemistir. Bu sebeple 6grencilerden beklenen
sadece 3 boyutlu kiitle iizerinden form denemeleri gerceklestirmeleridir. Bu
kiitlesel form denemeleri de Revit programinda “mass” modelleme iizerinden
gerceklesmistir. Mass modelleme, erken tasarim asamasi icin gerekli olan
esnekligi saglamistir. Ogrencilerden bir form olusturmalar ve onun belirli
parametrelerini  degistirerek  alternatifler gelistirmeleri beklenmistir.
Ogrencilerden ilk olusturduklar1 formun taban alanim koruyarak, yiiksekligi
degistirmeleri veya duvar / cati egimlerini degistirmeleri istenmistir. Ogrenci 1

.....

4 ise yiikseklik verilerini degisken olarak kabul etmistir (Sekil 2).

Form alternatifleri Revit iizerinden olusturulduktan sonra segilen ii¢ form, .sat
formatinda kaydedilerek Autodesk CFD programina aktarilmistir. Autodesk
CFD’de proje alani olan Antarktika'nin gercek ortalama riizgar hiz1 ve hava
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sicaklik verileri sirasiyla 120km/h ve -10°C olarak girilmistir. 4 6grenci ve
toplamda 12 alternatif icin de ayni1 malzeme bilgisi girilmistir. Boylelikle
malzeme bir degigken olarak goriilmemigtir. Tiim alternatifler icin riizgar
yoni aym dogrultu ve yonde olacak sekilde veriler girilmis ve 12 alternatif de
riizgar tlineline konularak simiile edilmistir. Her 6grenci, HAD simiilasyonu
ve performans sonuglar1 dikkate alinarak riizgar davranigi en optimum olan
formda karar kilmis ve bu form Revit’ten .dae formatinda kaydedilip, Lumion
programu ile eglestirilmis ve gorsellestirme caligmalar: yapilmigtir.

Degisken Tasanim Alternatifleri Son Uriin
Ogrenci 1 Agi '
Ogrenci 2 Acl
Ogrenci 3 Agi + Yiikseklik
Ogrenci 4 Yiikseklik T »

Sekil 2: Tasarim alternatifleri

Calistayin son asamasi olarak Ogrenciler tiim siireci anlatan bir pafta
iiretmislerdir (Sekil 3). Calistay sonucunda, CFD analizlerine gore ve Ogrenci
3 ve 4’te goriildiigii tizere yiikseklik arttikca riizgara gore davranis performansi
diismektedir. Yiiksekligi az olan alternatiflerde riizgar performansi giivenli
formlar iiretmek miimkiindiir. Ogrenci 1 ve Ogrenci 2'nin calismalarina gore
dik acih ve koseli formlarin riizgar performansi daha diisiiktiir. Ogrenci 1in
calismasinda ic biikey formlarmn, Ogrenci 2'nin cahsmasinda ise dairesel
formlarin dik acili formlara gore daha iyi bir performans ortaya koyuldugu
goriilmektedir.
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Sekil 3: Calistayda olusturulan paftalar

5. TARTISMA

Calistay kapsaminda, ilk asama olarak 6grencilerin ¢alistayda odaklanilacak
konular hakkinda bilgi diizeylerini 6l¢gmek amaciyla Google Forms iizerinden
anket yapilmigtir (Tablo 1). Anket sonuglarina gore 6grencilerin tamaminin
Yap1 Bilgi Modelleme hakkinda bilgisi vardir ve en yaygin olarak kullanilan
YBM programlarindan biri olan Revit'i kullanabildikleri goézlemlenmistir.
Buna karsilik hesaplamali tasarim hakkinda ogrencilerin yaris1 bilgi sahibi
oldugunu isaretlemistir. Yapilan konusmalarda ise parametrik tasarimi hepsi
duydugunu soéylemistir. Riizgarin tasarim nosyonu olarak kullanabilecegini
cogunluk kabul ederken performans odakli tasarim hakkinda %75’inin,
akigkanlar dinamigi hakkinda ise hicbirinin bilgisi yoktur. Buna karsihik
ogrencilerin %751 calistayda kullanilacak olan Autodesk CFD programini
kullanirken zorlanacagini diigtinmedigini belirtmistir.

Anket sonuglar1 dikkate alindiginda YBM’nin lisans diizeyinden itibaren
ogrencilere tanitildig hem orgilin egitim hem de yarisma, calistay, seminer
gibi enformel egitim araglariyla yayginlasan bir yontem ve dijital ortam
oldugunu soylemek miimkiindiir. Hesaplamali tasarim, parametrik tasarim
ve performans odakl tasarim ile ilgili olarak farklh ve degisken sonuglarin
ortaya ¢ikmasi bu kavramlarin net tanimlarinin, kapsam ve igeriklerinin lisans
diizeyinde tam olarak 6grencilere aktarilmadigini gostermektedir.
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Tablo 1: Anket sonugclari

Evet Hayir
Hesaplamali tasarim hakkinda bilgim var. %50 %50

Yapi Bilgi Modelleme (YBM) hakkinda bilgim var. %100 -
Performans odakli tasarim hakkinda bilgim var. %25 %75
Riizgar, bir tasarim nosyonu olarak kullanilabilir. %75 %25
Akigkanlar dinamigi hakkinda bilgim var. - %100
Belirtilen bilgisayar progrglmlllar]'nl kullanirken zorlanabilecegimi %25 %75

ddisiindyorum.

Calistay planlanirken form {iretme asamalarinda Rhino veya Revit
kullanilabilecegi diisiiniilmiistiir. Ancak calistaya katilan dort 6grencinin de
Rhino kullanmay1 bilmemeleri ve Revit’i kullanmalar1 sebebiyle calistayda
form iiretme sadece Revit iizerinden gerceklesmistir. Ogrencilere, Revit mass
modellemenin temel komut ve ortami gosterilmistir. Ogrencilerin de Revit'in
bu esnek kiitle {iretme ortamini hizlica kavradiklar: gozlemlenmistir. Benzer
sekilde, riizgar performansi icin kullanilan olan Autodesk CFD programini ilk
kez kullanacak olan 6grencilere ¢calistayda beklenen hedefleri gerceklestirecek
yontemler gosterilmis ve tiim 6grencilerin dogru ve pratik bir sekilde beklenen
analiz ve iiretimleri gerceklestirdikleri gozlemlenmistir.

Calistay kapsaminda malzeme bir degisken olarak ele alinmamistir. Tiim
ogrenciler CFD programinda ayni malzeme bilgisini girerek 12 alternatifi
de modellemistir. Bu sebeple malzemenin performans veya forma etkisi
sorgulanmamigtir. Baska bir caligmada ayni form iizerinden farkh iki ya da
daha ¢ok malzeme kiyasi yapilabilir.

Bu calistayda sadece riizgar; performans odakl tasarimin bileseni ve degiskeni
olarak ele alinmistir. Dogaya uyumlu ve siirdiiriilebilir mimari tasarim iiriinleri
elde etmek icin daha fazla performans kriterleri de dahil edilerek calisma
gelistirilebilir. Ozellikle giinesin de dahil edildigi bir calisma gerceklestirilebilir.

6. SONUC

Giintimiizdeki bilgi ve teknoloji ¢aginda -0zellikle de mimarlik egitiminde-
ogrencilerin farklh alanlardaki bilgi ve donanima sahip olmalar1 sadece
iiniversitedeki orgilin egitim ile miimkiin degildir. Bu baglamda calistaylar,
mimarlik ve tasarim egitiminde daha esnek ve deneysel ortam saglayarak
ogrencilerin akademik takvim ve iiniversite siirlar1 digina ¢ikan siirekli
O0grenme ortami yaratilmasini saglar. Mimarlik egitiminde enformel yaklagim
olan caligtaylarin temel 6zellikleri deneyim odakl olma, problem ¢6zme yetisi
kazandirma, bilgiye ulasma yontemleri sunma ve disiplinler arasi yaklagimlari
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gostermektir. Bu calisma da hesaplamali tasarim alaninda gerceklesen
calistayin tasarimini ve galigtay iiriinlerini igermektedir.

Bu calismanin amaci, mimarhik oOgrencilerinin lisans diizeyinden itibaren
hesaplama, sayisal tasarim, performans odakh tasarim gibi kavramlarla
tanigmalarini saglamay1 ve bir tasarim problemi lizerinden bu diisiinme
bicimini deneyerek Ogrenmelerini saglamaktir. Performans odakli tasarim,
erken tasarim asamalarindan itibaren form bulma siirecine dahil edilerek
ozellikle mimari formun olugsmasinda rasyonel bir diisiince bi¢imi ile sezgisel
yaklasimin entegre edilmesi hedeflenmistir.

Calismada formun riizgar davranisi, performans odaklh tasarimin bir bileseni
olarak konu edilmistir. Riizgarin tasarim bileseni olarak mimaride kullanilmas1
geleneksel mimariden itibaren kullanilan bir yontemdir. Ancak calismada
onerilen hesaplamali akigkanlar dinamiginin (HAD)nin mimari tasarim
problemine dahil edilmesi ¢alismay bilgi ve bilisim ¢aginin bir parcgas: haline
getirmektedir. HAD, makine ve aerodinamik alanlarinin problem c¢6zmede
kullandiklar1 temel yontemlerinden biridir. Matematik¢i Godel'in “Bazen
bir disiplindeki sorunu ¢6zmek icin tamamen farkl bir alana ge¢melisiniz”
soziindeki gibi, bu calismada HAD’nin erken tasarim asamasina dahili ile
disiplinler aras1 bir calisma ortami ve iiriinii ortaya konulmustur. Disiplinler
arasi caligmanin Oonemini ve potansiyellerini de lisans diizeyinden itibaren
ogrencilere deneyimletmek, onlarin daha sonraki egitim ve profesyonel
hayatlarinda problem ¢6zme ve arastirma becerilerini gelistirmeye yoneliktir.
Disiplinler arasi ¢caligma ortamlarinin ve ¢aligtaylarin mimarlik egitimine dahil
edilmesinin 6nemi vurgulanmaktadir.

Calistayda, hesaplamali tasarim diislincesi ve araclarinin olusturdugu
ortamin mimar1 destekleyen, esneklik ve degisim saglayan ozellikleri,
ogrenciler tarafindan olumlu karsilanmigtir. Farkli ¢alismalarda da giines,
akustik, 1s1l konfor gibi farkli performans bilesenleri dahil edilerek form
bulma denemeleri gerceklestirilebilir. Ayrica, ¢alistaymn siiresi arttirilarak
fiziksel liretimin de dahil oldugu bir siire¢ tasarlanabilir. Hem maket hem
de 1-1 prototip iiretimlerle 6grencinin deneyimi arttirabilir. Ustelik, maket
yapmanin, malzemelerle temasin ve 1-1 6l¢ekli liretimin sagladigi avantajlar da
ogrencilerin farkli becerileri kazanmasina olanak saglar. Bu baglamda dijital
fabrikasyon teknolojilerinden de faydalanilabilir ve “file to factory” kavramai ile
ogrenciler tanistirilabilir.
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Mimari Tasarim Icin Parametrik Kaliplarin
Ozgunlugunu Yeniden Dusunmek:
Geometrik Varyasyonlarin Siniflandiriimasi
BUSE BOLEK'®, HATICE GUNSELI DEMIRKOL?

12Eskisehir Teknik Universitesi
"husebolek@ogr.eskisehir.edu.tr, 2hgdemirkol@eskisehir.edu.tr

Ozet

Mimarlik disiplinindeki teknolojik gelismeler, 6zellikle parametrik tasarim
teknikleri, giiniimiizde tasarimcilara bir¢ok verimli ¢6ziim sunmaktadir. Bu
teknikler, 6zellikle karmasgikyapilarin dahakolaybirsekilde olusturulabilmesine
ve form ile fonksiyonun ayni anda tasarlanabilmesine olanak saglamaktadir.
Parametrik tasarimlar, form ve fonksiyon iligkilerinin kurgulanmasinda
sinirlarin kaldirilmasina yardimei olabilmekte ve bu sayede tasarimcilara 6zgiin
tasarim iiretimleri konusunda daha fazla esneklik sunarak, tasarimlarin daha
kolay cesitlendirilmesine imkan tanimaktadir. Ancak, bu durum tasarimdaki
ozglinliik kavraminin daha da Onem kazanmasini gerektirmektedir.
Parametrik tasarim araclari, tasarimcilarin yaraticiliklarini kisitlamaktan
ziyade, daha yaratic1 bir ortam gelistirmek icin kullanilabilmektedir. Ancak, bu
tekniklerin yaygin kullanimi, 6zgiinliik konusunun tartismali hale gelmesine
neden olmustur. Hazir birimler ve dijital kopyalarin kullanimi, tasarimeilarin
benzer kaliplar1 kullanarak tasarimlarimi olusturmalarina yol acabilecek ve
tasarimlarin benzerligi ve 6zgiinliigliniin sorgulanmasinin gerekliligini 6n
plana gikarmaktadir. Bu nedenle, tasarimcilarin 6zgiinliik kavramina daha fazla
odaklanmalar ve tasarimlarini bu yonde gelistirmeleri gerekmektedir. Ancak,
tasarim araclarindaki bu hazir yaklagimlarin tasarimcilar tarafindan ne kadar
yorumlandig1 ve ne kadar 6zgiin oldugu konusunda bir paradigma ile kars:
karsiya gelinmektedir. Bu durum, tasarimlarin 6zgiinliiklerini belirlemede
nesnel bir degerlendirme yapmanin zorlugunu ortaya cikarmaktadir. Bu
calismada, parametrik tasarimlarin orijinalligi konusunda daha kapsamli
bir model sunmay1 amaclamaktadir. Bu model, oncelikle nesnel temellere
dayandirilan bir orijinallik degerlendirme o0lcegi Onerisinde bulunarak,
mimari tasarimlar i¢in parametrik tasarimlarin 6zgiinliigiinii degerlendirmeyi
hedeflemektedir. Bu degerlendirme modeli, mimari tasarimin orijinalligine
iligkin elestirel bir yaklagim saglayarak, mimarideki kopyalama kiiltiiriine yeni
bir bakis acis1 sunmay1 amaclamaktadir. Calisma kapsaminda tasarimlarin
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0zglin veya orijinalligi konusunda tasarimcilarin sorgulamasi noktasinda
literatiire katki sunulmaktadir. Bu modele dayanarak, tasarimcilar daha nesnel
bir yaklagimla tasarimlarinin 6zgiinliigiinii belirleyebilir ve 6zgilin parametrik
tasarimlarin daha fazla 6ne ¢ikmasini saglayabilirler.

Anahtar Kelimeler: Parametrik tasarim, Ozgiinliik, Tasarimda 6zgiinliik,
dekonstriiktif yineleme
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Rethinking the Originality

of Parametric Patterns for
Architectural Design:

A Classification of Geometric
Variations

BUSE BOLEK'®, HATICE GUNSELI DEMIRKOL?
12Eskisehir Technical University
"husebolek@ogr.eskisehir.edu.tr, 2hgdemirkol@eskisehir.edu.tr

Abstract

In the field of architecture, technological advancements, particularly
parametric design techniques, offer designers numerous efficient solutions.
These techniques enable the creation of complex structures with ease and allow
for the simultaneous design of form and function. Parametric designs can assist
in the development of form-function relationships by removing limits, thereby
providing designers with greater flexibility in producing unique designs
and making it easier to diversify designs. However, this situation requires
an increased emphasis on the concept of originality in design. Parametric
design tools can be used to develop a more creative environment for designers
instead of limiting their creativity. Nevertheless, the widespread use of these
techniques has led to controversy surrounding the issue of originality. The use
of prefabricated elements and digital copies can lead to the creation of designs
using similar patterns, emphasizing the necessity to question the similarity
and originality of designs. Consequently, designers need to focus more on
the concept of originality and improve their designs in this regard. However,
a paradigm exists regarding how these prefabricated approaches in design
tools are interpreted by designers and how original they are. This situation
makes it difficult to make an objective evaluation of the originality of designs.
This study aims to propose a more comprehensive model for the originality
of parametric designs. First and foremost, the proposed model presents an
originality assessment scale based on objective grounds that aims to evaluate
the originality of parametric designs in architecture. The assessment model
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aims to provide a critical approach to the originality of architectural design,
offering a new perspective on the culture of copying in architecture. This
study contributes to the literature by encouraging designers to question the
originality of their designs. Based on this model, designers can determine the
originality of their designs more objectively and promote the emergence of
more unique parametric designs.

Keywords: Parametric design, Originality, Design originality, Deconstructive
iteration

XVII. Mimarlikta Sayisal Tasanm Ulusal Sempozyumu 17-20 Haziran 2023, istanbul



DEVINIM.DEGISIM.DONGU 221

1. INTRODUCTION

The field of architectural knowledge has undergone a gradual evolution to
reach its current state. Similarly, the content and structure of architectural
criticism, which is rooted in architectural knowledge and discourse, have also
evolved. This progression encompasses the understanding of architecture,
the changes in construction practices, and the emergence of interdisciplinary
studies. Vitruvius, an architect and architectural thinker, is considered to be the
founder of architectural criticism (Stephens, 1998). The principles of “solidity,
utility, and beauty” (Firmitas, Utilitas, and Venustas) outlined by Vitruvius
as the criteria for architectural work in his book “De Architectura” are widely

’ «

accepted as a rational approach for both criticism and design. Vitruvius’ “Ten

Books on Architecture” is also a pioneering example of theory and criticism.

In the past, it was believed that preserving architecture from the influences
of past eras would liberate and inspire it (Tanyeli, 2015). However, the
universalization, internationalization, and homogenization of architectural
products through mass production has made contemporary architecture a
subject of criticism. These objections, which intensified in the second half of the
20th century, were based on the idea that originality came from diversity, not
uniformity (Jencks, 2009). This relationship between diversity and originality
has been explored in architectural criticism (Ozorhon, 2008; Muskara, U.
2017; Tiirkan, 2016). In addition to reflection, criticism, and effort, originality
is essential to foster innovation and improvement, and avoid mediocrity.
Originality is a concept that can be achieved by demonstrating uniqueness
and originality. The combination of critical and creative thinking produces
freedom, which is closely related to intuition, imagination, and knowledge.
While it is acknowledged that there is no absolute originality, something can
be deemed “original” in a certain context (Fuat, 1997). In creative fields such
as architecture, originality is often highly valued as a crucial element of good
design, which is why it is frequently discussed in architectural criticism. While
originality, innovation, novelty, and difference are considered “necessary
expectations” for design projects, familiarity, mediocrity, copying, repetition,
and imitation are viewed as negative attitudes (Giizer, 2007). In reality, every
design project in architecture is influenced by its predecessors, contains
references, and is shaped by its context, making it unique and discouraging
imitation. The originality of an architectural work is determined by the
differences in “space setup”, “form”, “material-technology”, and “position”.
Furthermore, analyzing the level of originality of the architectural form and
the processes underlying its creation can be a method (Molodkina, 2020).
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Architectural parametric design is an approach that uses parametric modeling
software to specify many variables and their interactions during the building
design process (Monedero, 2000). At each step of its design, the structure
may be modified and automatically updated using this technology. Originality
occurs when a designer has a distinct sense of style or comprehension. The
connection between uniqueness and parametric design enables the designer to
produce one-of-a-kind creations using parametric modeling tools. Combining
the designer’s distinctive style and expertise with the efficiency and adaptability
of parametric modeling software enables the creation of more innovative and
adaptable architectural designs. On the other hand, it is challenging to discuss
originality in this design process, which can be described as parametric design,
while designers can save time and reduce costs associated with developing a new
product by addressing design challenges with existing shapes, which requires a
minimal decision-making process (Uraz, 1993). In this method, architectural
products are developed by referring directly to existing, tested, and well-known
examples. By modifying and generating new sequences and arrangements,
the designer is able to create a product that is considerably different from the
original (Turuthan, 1987). However, the originality of the design is debatable.

With the access offered and enhanced by digitalization, the designer is able
to download the digital copy, modify it, and duplicate it within the file’s
technological constraints (Negroponte, 1995). This reproduction procedure’s
originality is now subject to debate. The technological rupture with digital
copying and the goals of the current copy culture are reflected in the theory
and practice of architecture, as they are in other fields. He asserts that the act
of copying has a productive relationship with culture in every era, and that
both copying and this relationship are redefined in the digital era (Sam Jacob,
2016). In modern architectural theory and practice, it is essential to reevaluate
the concepts associated with copying (Sonmez, 2017).

Although computational designs are closely tied to digital copy in today’s
architectural environment, relatively few studies, such as the Architectural
Doppelgangers project, may be examined in relation to the contemporary
copy culture and question the copy phenomenon in architecture. (Boon,
Marcus, 2013) In this context, in a time when digital copying or reproduction
technologies form the foundation of architectural production, it becomes
contentious because the appraisal of the product is based on antiquated
authenticity-centered ideas (Miljacki, 2014). Literature studies permit the
investigation of architectural criticism, which has existed since architecture’s
inception. Literature has criticized the novelty of architectural parametric
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designs and their relationship to architectural criticism as lacking. Therefore,
a model of objective criticism for the originality of architectural parametric
designs has been proposed within the scope of this study. This model was used
to evaluate parametric structures formed in various circumstances within the
scope of the study. Through these examinations, the recommended paradigm
was implemented.

2. METHODOLOGY

This study discusses the originality of parametric designs and examines
whether they are original or duplicates, or to what extent they are original.
A critical perspective on the originality of designs is created by starting with
a descriptive critique method (Attoe, 1979). The form, function, and visual
characteristics of the structure are discussed verbally through descriptive
critique. To objectively evaluate spoken utterances, a deconstructive analysis is
performed on parametric designs. Deconstructive techniques contain iteration
as a sub-concept in their philosophical and architectural essence. Iterations
enable the determination of differences and similarities between each stage
(Figure 1), which is crucial in evaluating the originality of parametric designs
objectively.

Scleet two architectural Deline as
parametric structures descriptive-depictive
to be critiqued on photos ol structure

Fvaluate with the originality

evaluation form (Table 1) Calculate originality rate Decide originality

Figure 1: Originality evaluation model in architectural parametric designs

In this study, an objective approach model is devised for evaluating the
originality of parametric designs. The study is constrained by the selection of
facade designs that employ a parametric design approach and have structurally
distinct carrier systems. Visually similar perceived parametric designs are
initially matched. The descriptive-illustrative visuals of the parametric
structures are reverted to their initial states through deconstructive iterations.
An originality scale has been developed to determine the level of originality in
the facade designs of buildings. This scale proposes a total percentage range,
and given that parametric facades are the focus of this study, the deconstructive
perspective obtained through iterations is utilized by the proposed formula. The
value obtained from the Similar Number of Iteration formula is scaled within a
40% range for comparison with each data point. As four distinct criteria have been
established for the selected examples within the scope of this study, the remaining
60% range is distributed equally. Using this scale, the value of originality in logical
and objective parametric designs is evaluated and made objectively debatable.
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The criterion used to compute Percentile Formula
the similarity rate
Similar Number of Iteration 40% 2x(similar iteration number)
total number of iterations
Full-Empty Relationship 15% solid area
facade area
Modular Facade 15% total module number
——F————x15
facade area
Non-Modular Facade 15% non — modular total number of parametric units 15
facade area *
Perforated Facade 15% total perforated area
——F—— 15
facade area

Figure 2: Numerical ratios of evaluation criteria

3. DISCUSSION

A \ | / s N
AR AL ANA

1. Iteration 2. Tteration 3. Iteration 4. Iteration 5. Iteration 6. Tteration 7. Iteration 8. Iteration

X

RANZNA L/

University of LEEDS|
(Car Park 1. ltcration 2. Tieration 3. Iieration 4. lieration 5. lteration

Figure 3: Deconstructive iterations of facades consisting of pyramid units

The Al Bahar Tower’s visual examination reveals the implementation of a
repetitive unit throughout the design, creating a continuous texture. The
design’s original iteration was based on a triangle geometry. By repeatedly
deconstructing the triangle, the geometry was fragmented at the centroid by the
fourth iteration. The tower’s unit transportability is a crucial characteristic due
to the construction and material composition. The triangle element is separated
from the center of gravity, and the joining points are adjusted as concave or
convex to create movable elements that combine to form the final design.

Similarly, the University of Leeds car park facade design employs a unit arrangement
that generates a repetitive pattern. Until the fifth iteration, the design resembles
the Al Bahar Tower’s due to their shared use of triangular geometry. The two
structures’ interdependent relationship is evidenced by the organization of units on
their facades, triangles generated from their centers of gravity, and specific joining
distances that define a whole. However, facades differ due to diverse materials
and their respective potentials. The Al Bahar Tower prioritizes energy efficiency,
whereas the University of Leeds car park prioritizes passive ventilation and daylight
maximization, resulting in unique material choices and configurations.
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Figure 4: Deconstructive iterations of facades elements surrounding the mass

The deconstructive process of the Sunrise Tower involves using grids to
create equilateral triangles. These triangles are then transformed into meshes
consisting of rhombuses in the early iterations, and later developed with
curvatures that conform to the mass, decay proportionally, and enclose the
structure. The Sunrise Tower also employs a comparable deconstructive
approach until its fifth iteration. However, modifications are made to the
dimensions and proportions of the facade design of both buildings to meet the
size and spatial requirements of the mass. This similarity in design approach
highlights the significance of context-specific design considerations in creating
high-rise buildings.

The importance of context-specific design considerations is further evidenced
by the diversity in facade designs that arise from differences in material and
geometry choices. Nonetheless, the similarity in the initial deconstructive
approach between the two structures underscores the importance of identifying
commonalities in design approaches for constructing high-rise buildings. By
doing so, architects can leverage prior design approaches and build upon them
to create more sustainable and contextually appropriate designs.
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Figure 5: Deconstructive iterations of rectangular elements

The Manchester Maple hotel features a facade design consisting of folding
equilateral triangles that have been adjusted to meet space requirements.
The overall design was completed in five iterations, with the quantity of these
components increased and repeated for the final design.

The Ginza Place Taisei structure employs a similar design approach, merging
five iterations of rhombuses with the hotel. However, the materials and
geometries used in the two structures diverge, resulting in different decay
angles. Despite the differences in materials and geometries, both structures
prioritize the relationship between full and empty spaces, with comparable
organization of the units. These designs highlight the importance of considering
context-specific factors when creating high-rise buildings.

4. FINDINGS

Within the scope of this study, buildings were evaluated based on descriptive
descriptions in relation to the originality determination form (Figure 6). In
this evaluation, the geometric aspects and iteration numbers of the facade
were selected as primary factors. To express these elements as ratios of
numbers, percentages of a circle slice were computed. The proportional share
of the similarity ratio of the iteration numbers was determined based on the
similarity number. The parametric similarity scale and percentages derived
from these investigations were defined within the scope of the review. A scale
is suggested that classifies the lines formed in the space plane defined by the
set of design points, the geometries defined by these lines, and the stages from
these geometries to the final parametric designs, beginning with the design
point. Using this scaling, the creativity of architectural parametric designs is
objectively evaluated. Through the objective evaluation of creativity, architects
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can identify innovative and unique parametric designs that contribute to the
evolution of the field. Furthermore, this approach allows for a more critical
assessment of the originality of parametric designs, which is crucial in ensuring
the continued progress of the field of architecture.

Similar
Name of the selected | Full-empty I\g:::(liaer M:::i]::l-ar Perforated | Numberof | Similarity
huilding relationship (Torres, J.) Facade facade Iteration Rate
T (figure1)
Al Bahar Towers X v X X 4 %70
University of Leeds Car
Park X v X v 4 %70
Sunrise Tower v X v X 5 %88
City of Dreams v X v X 5 %88
Hotel in Manchester v v X v 5 %90
Ginza Place v v X v 5 %90

Figure 6: Originality evaluation form

5. CONCLUSION

In conclusion, the evolution of technologically-based architectural tools has
resulted in a worldwide communication platform for design that enables
the straightforward interchange of parametric design concepts. As a result
of the evolution of technologically-based architectural tools, a worldwide
communication environment for design has emerged. Owing to this design
communication platform, it is very simple to exchange diverse parametric
design concepts. This sharing results in the formation of a system that leads to
design and manufacturing in the same mental layers. In favor of the pervasive
and easily accessible content of parametric designs, designers have access
to a wealth of examples. These changes deceive the designers regarding the
originality of the parametric designs. This issue demonstrates that there is a
severe absence of criticism on the degree to which the designs are original.
Within the scope of the study, an objective strategy has been proposed by
restricting architectural textures in parametric facades, namely architectural
critique in parametric designs. This objective base descriptor is based on
the visual recognition of deconstructive iterations. In this way, an objective
paradigm for critiquing the originality of parametric designs has been
constructed. Through this model, an objective paradigm for critiquing the
originality of parametric designs has been constructed, which can be adapted
and expanded to different types of facades as needed. The percentage rate of
originality determination may vary depending on the number and nature of the
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facade types being evaluated. Thus, this study provides a valuable contribution
to the critical evaluation of originality in parametric designs. Using this model,
the originality of parametric designs can be analyzed, and the following
conclusions were reached:

- In parametric designs, while the descriptive point of view and designs can
be defined differently, when the descriptive pictorial point of view and the
deconstructive approach are followed, the designs can occasionally be very
similar to one another, since they are essentially derived from one another.

- Architectural designs are created through deliberate or unconscious
collaboration. These relationships are the consequence of the design
consciousness including the idea and production processes. When new
viewpoints are introduced to this consciousness, one can create innovative
designs. When new insights are insufficient, designs lose their original
value.

- Asaresultofall these obtained results and examined examples, and primarily
within the framework of the necessity of the design field to contain freedom,
innovation, and personality, the similarity of the architects’ outputs as a
result of the partnership system has an impact on the value of originality.
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Metasezgisellerle Ic Mekan Tasarim:
Prototip Gelistirilmesi
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Ozet

Ic mekan tasarimi, mekanlar islevsel ve estetik acidan cekici bir ortama
doniistiirmenin temellerini igeren ¢ok disiplinli bir uygulama alanidir.
Ayrica, bir mekénin hem iglevselligini hem de estetigini artirmada 6nemli bir
rol oynar. Mekanin tasarlama siireci, kullanim amacina ve kullanicilarinin
ihtiyaclarina bagh olarak cesitli secenekler icerir. Miihendislik ve mimari
tasarim problemlerine benzer sekilde, i¢ mekan tasarimi problemleri igin tek
bir uygulanabilir ¢6ziim yoktur. Her kisiye, her mekéana ve her fonksiyonel
karsiliga gesitli ¢6ziim Onerileri getirilebilir. Fakat her mekansal ¢6ziim aym
kalitede degildir. Tasarimci, tasarimini tamamlayabilmesi onun operasyonel
kabiliyetlerine bagl olarak degisir ve sadece insan giicliniin yetebilecegi sayisal
tasarim yapabilir. Diger taraftan bilgisayarlar, yapay zeka yontemleri ile en
uyguna yakin bir ¢oziimii kolayca bulabilir. Ozellikle metasezgiseller, yapay
zekanin i¢ mekan tasarim problemlerini ¢6zmede kullanilabilen giiclii bir
dahdir. Bu calisma, metasezgisel yontemlerle i¢ mekan tasarim problemlerinin
nasil coziilebilecegini gostermeyi amaclamaktadir. Onerilen uygulama, yeni
yasam alaninin iglevselligini ve estetigini iist diizeye ¢ikarmak icin verimli bir
metasezgisel algoritma olan Jaya optimizasyon algoritmasini kullanir. Dahasi,
i¢ mekan tasarim siirecini kolaylagtirma ve tasarimcilara miisterilerinin
ihtiyaclarim1 karsillayan en uygun coziimleri yaratmada yardimci olma
potansiyeline sahiptir.

Anahtar Kelimeler: Yapay zekd, I¢ mekin tasarim, Metasezgisel
algoritmalar
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Interior Design with
Metaheuristics:
A Prototype Application
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Abstract

Interior design is a multidisciplinary practice that is fundamental in
transforming a space into a functional and aesthetically appealing environment.
Also, it plays a crucial role in enhancing both the functionality and aesthetic
appeal of a space. The process of designing a space involves several options
that depend on the intended use of the space and the needs of its users.
Similar to engineering and architectural design problems, there is not a single
feasible solution for interior design problems. There are a variety of options
for every individual, space, and functional response. On the other hand, the
feasible solutions are not of the same quality. The designer can only try a few
designs to conclude the application project depending on his/her operation
capability. However, computers can easily locate a near-optimal solution by
implementing artificial intelligence methods. In particular, metaheuristics is
a powerful branch of the artificial intelligence field that can be used to solve
interior design problems. This study aims to demonstrate how interior design
problems can be solved by metaheuristics. The proposed application utilizes
the Jaya optimization algorithm, an efficient metaheuristic, to maximize the
functionality and aesthetic appeal of the new living space. Moreover, it has
the potential to facilitate the interior design process and assist designers in
creating optimal solutions that meet the needs of their clients. Ultimately,
the study highlights the importance of incorporating artificial intelligence
techniques into interior design practices to optimize the functionality and
aesthetic appeal of living spaces.

Keywords: Artificial intelligence, Interior design, Metaheuristic algorithms
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1. INTRODUCTION

Interior design is a multifaceted process that considers various factors, such
as physiological, ergonomic, social, and economic considerations, in planning
and designing functional living spaces for humans. Designing compositions
that integrate the harmony of volume, function, color, material, and methods
results in the aesthetic and functional values of interior design (Kaptan,
1998). Moreover, interior architecture is a design discipline that deals with
the organization and arrangement of interior spaces within structures. It
encompasses the planning, design, and execution of interior spaces that are
functional, safe, and aesthetically satisfactory (Demirarslan & Demirarslan,
2020). It also takes lighting, acoustics, and materials into account when
designing comfortable spaces that improve the overall user experience
(Altomonte et al., 2017).

The field of interior architecture and space design has undergone significant
transformation due to persistent advancements in technology. In the past,
the main objective of interior design was to create spaces that were practical
and functional (Maneella, 1997). However, recent technological and scientific
advancements have encouraged architectural research that seeks to enhance
the way people perceive space (Rashdan, 2016). These developments highlight
contemporary approaches to interior design, which aim to create a better
environment for individuals by incorporating psychological and physical
aspects of space (Reddy et al., 2012). Furthermore, these design approaches
allow for the possibility of personalized designs that combine traditional
solutions with suggestions blended with contemporary technologies, resulting
in a space that is tailored to the individual’s specific needs and preferences
(Huang & Huang, 2014).

The integration of digital technologies and computational design tools has had
a profound impact on the field of architecture, leading to the rapid expansion
of software applications. Although these technologies have moved away from
manual drawings and physical models, architects and designers still need to
grapple with spatial challenges and generate original ideas (Kolarevic, 2004;
Oxman, 2004). In order to design, plan, and remodel new buildings as well
as quickly present potential concepts to clients, architects and engineers now
frequently use digital technologies (Oerter et al., 2014). However, despite the
convenience that these technologies provide, the majority of design inputs still
require manual control. At this point, designers are using artificial intelligence
and various algorithmic techniques to translate their ideas into the real world.
In the field of interior design, artificial intelligence is used to contribute to
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parametric design, smart materials, 3D and 4D printing, smart homes, and the
diversification of functional conditions within a space (Min, 2021).

Recent advances in artificial intelligence (AI) technology have afforded interior
design new opportunities (Chen & Wang, 2020). The integration of optimization
algorithms and metaheuristics represents one of the most promising new
opportunities. By exploring the extensive design space and identifying the
best possible solutions, optimization algorithms enable the automation and
optimization of the design process. They can identify optimal solutions in less
time than conventional design methods. Metaheuristics is an optimization
algorithm used for solving complex optimization problems (Gogna & Tayal,
2013). They provide a method for efficiently searching for solutions in large
and complex design areas where conventional optimization techniques may
not be applicable. There are two primary categories of metaheuristics: single
solution-based and population-based (Katoch et al., 2021). These algorithms
employ a variety of methodologies, such as evolutionary (Bremermann et al.,
1966), swarm-based (Gad, 2022), physics-based (Kirkpatrick et al., 1983), and
human behavior-related algorithms. The primary purpose of these algorithms
is to identify the optimal solution to an optimization problem. Metaheuristic
algorithms are considered an application of artificial intelligence because
they are frequently controlled by computer-based models or simulations and
exhibit human-like behavior (Swarnkar, 2020). Consequently, metaheuristic
algorithms have considerable potential in the field of AI and are especially
useful for solving design problems.

In the modern era, relocation has become an integral component of many
people’s lives. In order to make informed decisions, tenants rely heavily
on photographs of available homes displayed on a variety of websites and
applications. Nevertheless, such images frequently do not accurately depict
the interior complexity of the homes. Therefore, individuals must consider
how to organize their belongings in their new homes. The purpose of
incorporating artificial intelligence technology is to develop a program that
can provide placement suggestions for pre-existing objects in a new residence.
In this context, our research seeks to enhance the functionality of the home by
recommending optimal furniture placement in the new area. As the first step
of the process, this study presents the results of a simple AI-powered prototype
application that searches for feasible solutions to a simplified interior design
problem using a metaheuristic. This study should be considered the preliminary
tests and results of how Al can help solve interior design problems.
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2. METHODOLOGY

The backbone of the prototype application is a metaheuristic algorithm called
the Jaya Algorithm (Venkata Rao, 2016). The metaheuristic algorithms are
artificial intelligence methods that explore the design space and try to discover
the near-optimal solution(s). The development of metaheuristic algorithms
is mostly influenced by natural, biological, and physical phenomena. These
designs allow them to simulate intelligent behavior. For this reason, they
are classified as artificial intelligence methods. The Jaya Algorithm follows a
greedy search strategy; it attempts to move away from the worst solution while
approaching the best one. As with all other metaheuristics, the Jaya Algorithm
does not require a complete mathematical description of the problem. To
design with additional elements, simply apply the parameters of the additional
elements to the design vector. In addition, metaheuristic algorithms are not
problem-specific; they are intended to address any optimization issue. The
Jaya Algorithm is chosen because it can be programmed easily. The algorithm
is implemented using the Python programming language.

In this prototype, the first step is to define the dimensions of the existing living
space plan and the interior elements to be placed within it as inputs. Based on
these inputs, a discrete space is defined with intervals of 10 cm. The algorithm
first generates a population within this discrete space (Figure 1). This population
is then evaluated based on penalty functions that are defined in accordance
with the interior design requirements. To process the population through the
penalty function, the necessary geometric values are calculated by the relevant
functions. Penalty functions are then evaluated based on these values. The
penalty values within these functions are customized based on which interior
element corresponds to the inputs. The highest penalty in this algorithm is
50000, while the lowest penalty is 0 (which identifies a feasible solution).

Find new
Set the Calculate candidates Calculate
L = stating ——»  penalty —» with ——»  penalty
population values movement values
operator

Are there any
Keep the old

Replace the
candidate(s) ad

«—NoO.

e old population candidate(s)

Are the termination
criteria satisfied?

ES process

Figure 1: Automatic interior design flowchart
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Since metaheuristic algorithms may generate candidates that are far from the
nature of the considered problem, the generated candidates should (mostly)
be repaired in each iteration. Two repair functions are used in the design
procedure. The former keeps the items in the design space; and the latter
verifies and rectifies the alignment of the objects with respect to their width
and length dimensions relative to each other. The Jaya movement operator
is used to determine the next population after calculating the first one. Then,
each candidate is compared to the corresponding solution in the previous
population. The better candidates are retained, and the process is repeated
for the specified number of iterations. When the iteration is complete, the best
candidate is identified as the near-optimal solution. Thus, this approach aims
to search for the best feasible interior design solution using a metaheuristic
algorithm.

3. CASE STUDY

A simplified living room’s interior design is considered a case study. The plan
of the living room and door are defined as constant inputs the problem is a
living room that contain a sofa and a television. In this study, a discrete space
is defined in the plan, ranging vertically from 0 to 300 and horizontally from
0 to 500 at intervals of 10 cm (Figure 2). Within this space, three variables
are defined: door, sofa, and TV. The door variable is kept fixed, meaning
that the algorithm takes the coordinates of the door’s position as input,
and all subsequent calculations are performed while keeping the door and
its associated variable values constant. On the other hand, the sofa and TV
variables can be changed, allowing for movement within the defined space.

Figure 2: Living room plan with discrete coordinate points
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In optimization problems, the location vectors are updated using a movement
operator based on limit values and penalty functions that affect all variables.
To begin with, an algorithm generates a population drawing values from the
mentioned discrete space. This population is represented as a matrix that
includes the respective coordinate values and penalty values for the sofa,
television, and door (Equation 1).

Xsofal Ysofal Xtvl thl Xdoorl Ydoori Penaltyl
Xsofaz Ysafaz Xtuz thz Xdoorz Ydoorz Penalt}’z

Xsofa3 Ysafa3 Xwa th3 XdooTS YdoorB Penaltyfi
Pop = . (1)

Xsofan Ysofan Xtvn thn Xdoorn Ydoorn Penalt:)’n

In this study, three penalty functions are used for the objects. The first penalty
function’s primary purpose is to determine if the television and sofa are
parallel. Candidates are penalized if they are not parallel, as determined by
Equation 2. The alignment of the television and sofa is assessed to determine
if they are parallel. If they are aligned, the penalty is zero. The second penalty
function calculates the appropriate distance between the TV and sofa. The
resulting value is then compared with the required distance, and if the distance
is inappropriate, a penalty is calculated using Equation 3. The third function
penalizes the intersection between all objects, calculated using Equation 4. All
these penalty values are summed and appended at the end of each matrix row

(Equation 1).
Pl= |(Xsofa - Xtv| + IYsafa - thl) * 100 (2)
— 2 2 Tviength
P2 = \/(Xsofa - Xtv) + (Ysofa - Ytu) - ( 10 )* 12 + 60 (3)
P3 = (number of intersection coordinates ) * 100 (4)

The optimization process is repeated for the specified number of iterations to
gradually converge towards the best feasible solution. In this design problem,
1000 iterations and 20 independent runs were executed to generate near-
optimal solutions. The use of multiple independent runs and an adequate
number of iterations ensures that the algorithm is able to explore a wide range
of solutions and overcome stagnation. The resulting two-dimensional outputs
represent the recommended designs that satisfy the desired constraints and
objectives to a significant value.
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4. DISCUSSION

In this case study, the population size is taken 20, the number of iterations is set
to 1000 and 20 consecutive runs are executed. As a result, three solutions with
penalty values other than zero, and 17 solutions that meet both the penalty and
constraint conditions are discovered. Some of the solutions with and without
penalties are presented in Figure 3. The 14th and 5th iterations are only two of
the 17 results with a penalty value of 0. The remaining penalty-free solutions
are variations of these two solutions.

= ——
14. Attempt - Penalty = 0 5. Attempt - Penalty =0
!
i e
L
- ———
3. Attempt - Penalty = 1400 13. Attempt - Penalty = 140

Figure 3: Optimization results

In the 3rd attempt, a penalty value of 1400 was assigned due to the intersection
of the coordinates of the door and the chair, and the non-parallel and non-
aligned placement of the sofa and TV. In the 13th attempt, the penalty was
imposed based on the intersection coordinates of the sofa, which limited the
usability of the door.

In this context, an artificial intelligence procedure described by this
metaheuristic algorithm can provide indoor layout recommendations with an
85% success rate. It is worth noting that the success of this AI procedure heavily
relies on the accuracy and appropriateness of the defined constraints and
penalties. This prototype has the potential to revolutionize the design process
of indoor spaces, as it can rapidly generate layout options based on various
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constraints and objectives. However, it is important to acknowledge that this
system is not flawless and may require fine-tuning or further development to
improve its accuracy and applicability in different contexts.

5. CONCLUSION

The presented method expedites the design process, assesses data differences,
and allows you to select the optimal design. In the future, this method could
be used in a variety of interior design applications to optimize the design
processes. The following are the outcomes of the introduced application:

« The number of iterations used in the optimization process is adequate to
reach the optimal solution.

+ The implemented metaheuristic algorithm (Jaya) achieved an 85% success
rate in interior design.

» Using the open-source Python programming language can be useful for
creating an application interface for future studies.

« With the application of artificial intelligence, interior design-appropriate
ergonomic design advice can be obtained.

« Due to the Jaya Algorithm, design vectors and parameters of other interior
elements can be easily added. In this way, the algorithm will be able to
present interior design suggestions for the future.

These findings highlight the potential of using metaheuristic algorithms, such
as the Jaya Algorithm, for interior design optimization, indicating that the
proposed procedure is effective in generating satisfactory solutions. However,
further research is necessary to confirm the approach’s performance on a
range of design problems and evaluate its applicability in real-world problems.
Additionally, integrating user preferences and constraints into the design
process can enhance the usability and customization of the resulting solutions.
Consequently, the Al-assisted prototype presented in this study serves as a
tool that can significantly contribute to the residential relocation process. By
assessing the size and placement of furniture in relation to available space, the
technology can offer physically ergonomic recommendations. This tool allows
customers to visualize the interior of their homes with greater clarity, enabling
them to make more informed decisions when selecting a new home. In future
research, we intend to increase the applicability of this technology by creating
a user-friendly interface and transforming it into a three-dimensional tool for
solving general interior design issues.
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Bir Insan-Makine Etkilesim Sistemi Olarak
Mimaride Hikaye Ureten Yapay Zekaya
Dogru: “The Fountainhead” Ornegi

SULE TASLI PEKTAS'®, BILGE SAGLAM?
120S8TIM Teknik Universitesi
'sule.taslipektas@ostimteknik.edu.tr, 2bilge.saglam@ostimteknik.edu.tr

Ozet

Son yillarda mimarhk, yapay zeka uygulamalarinda, ozellikle de makine
Ogrenimi alaninda kayda deger bir biiylimeye tanik olmustur. Goodfellow
ve digerleri (2014) tarafindan Generative Adversarial Networks’iin (GANs)
gelistirilmesi, mimari tasarim icin iiretken makine 6grenimi sistemlerinin
yayginlagsmasini hizlandirmigtir. Mimari yapilarin tasariminda, kullaniminda
ve algilanmasinda kavramsal diizen, mekansal ve sosyal anlati 6nem
tagimaktadir. Mimari tasarim, insanoglunun diger yaratici faaliyetlerine
benzer sekilde, bir hikdye anlatma bigimi olarak kabul edilmektedir. Bu
calismada, yapay zekanin mimaride hikadye anlatimi ile bir insan-makine
etkilesim sistemi olarak kullanilma potansiyeli arastirilmaktadir. Arastirma,
mimari anlatiy1 analiz etmek, gelistirmek ve degerlendirmek i¢in gostergebilim
ve makine 6grenimi tekniklerinin nasil kullanilabilecegini incelemektedir.
Gostergebilim, segilen edebi eserdeki 6geler arasindaki iligkileri yeniden
kurgulamak icin yapisale1 bir yaklasim olarak benimsenmistir. Ayn Rand’in
nesnellik ve modernist mimari perspektifinde alternatif bir New York sehri
oneren “Fountainhead” romani vaka calismasi icin secilmistir. Kitapta yer
alan binalara iligkin gostergebilimsel isaretler ¢ikarilmis, ardindan gosterenler
(diizanlam ve yananlam tiirleri) ve gosterdikleri anlamlar belirlenmis ve
tablolastirllmistir. Daha sonra, kitaptan secilen metin 6rneklerinden hareketle
yapilarin goriintiilerini olusturmak icin, ii¢ farkh yapay zeka tabanl metin-
goriintlii doniigtiiriiciisii kullanilmigtir. Bu ¢alisma siirecinde, yapay zeka ile
elde edilen tekil goriintiilerin ardisik sekilde bir hikdye olusturma ve kavramsal
tasarim stirecine rehberlik etme potansiyellerine sahip oldugu goriilmektedir.
Binalarin yananlam ve diizanlam tanimlarinin birlestirilmesinden elde edilen
sonuclar, tasarim diisiincesinin gelismesine olanak saglayabilir. Gosterge
analizinden elde edilen daha somut metin yapilari, bu asamada iiretilen ¢ok
sayida gorsel imgenin de ortaya koydugu gibi, hikaye anlatim1 yaklagimini etkili
bir sekilde yonlendirebilir. Elde edilen gorsel sonucglara dayanarak, yaygin
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olarak bilinen i{i¢ metin-goriintii doniistiiriiciisiiniin avantajlari, sinirlamalari
ve kargilagtirmasi da ortaya koyulmaktadir. Bu araglar heniiz gelismekte olsa
da gelismeler yakinda yapay zeka arayiizlerinin edebi anlatilar1 otomatik
olarak gorsel sekanslara doniistiirebilecegini ve boylece yeni hikayeler yaratma
becerisi kazanabilecegini gostermektedir. Bundan sonraki asamanin, mimariyi
hikaye anlatmanin etkili bir yolu haline getirmenin yalnizca gorsel diizeyde
olmayacagini; metnin temelindeki cagrisimlar, tartigmalar ve soylemlerle
birlikte desteklenerek insan-makine ortak yaratimi olabilecegi goriilmektedir.

Anahtar Kelimeler: Yapay Zeka, Yapay Zeka Destekli Tasarim, Dijital Hikaye
Anlaticiligl, Anlati Mimarisi, Mimari Tasarim, Gostergebilim, Fountainhead
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Abstract

In recent years, the field of architecture has witnessed remarkable growth in
the application of artificial intelligence, particularly in the sub-field of machine
learning. The development of Generative Adversarial Networks (GANs) by
Goodfellow et al. (2014) accelerated the development of generative machine
learning systems for architectural design. Conceptual ordering, spatial,
and social narrative are fundamental in the design, use, and perception
of buildings. Similar to many other creative endeavors of human beings,
architectural design is considered a form of storytelling. This paper explores
the potential of using artificial intelligence as a human-machine system for
storytelling in architecture. The study aims to investigate how semiotics and
machine learning techniques can be utilized for analyzing, developing, and
evaluating narrative architecture. In this study, semiotics is adopted as a
structuralist approach to reconstruct the relationships between elements in
the selected literary corpus. The novel “Fountainhead” by Ayn Rand which
proposes an alternative New York City within the perspective of objectivity
and modernistic architecture was chosen as the case study material. The
semiotic signs referring to buildings were extracted from the book. Then the
signifiers (denotation and connotation types) and their signified meanings are
specified and tabulated. After that, three different text-to-image generators
were used to generate building images according to textual samples from the
book. In the process of this study, it is seen that the single images obtained
with artificial intelligence have the potential to create a story in a sequential
manner and guide the conceptual design process. The results from combining
connotation and denotation descriptions of buildings can lead to unleashing
the development of design thinking. The more concrete structures derived
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from denotation analysis can effectively guide the storytelling approach, as
witnessed through the multitude of visual images produced in this phase.
The advantages, limitations, and comparisons of three widely-known text-to-
image generators were presented. The study also explored the key distinctions
between deciphering the text into connotation and denotation layers to have
more control over the autonomous process and the outcomes generated by
artificial intelligence generators. Although these tools are still emerging, the
developments indicate that soon, Al interfaces can automatically transform
the literary narratives into visual sequences and thus gain the ability to create
new stories. It can be envisaged that the next stage, making architecture an
effective way of storytelling, will not only be at the visual level; but it can be a
human-machine co-creation, supported by the connotations, discussions and
statements underlying the text.

Keywords: Artificial Intelligence, Artificial Intelligence Aided Design,
Digital Storytelling, Narrative Architecture, Architectural Design, Semiotics,
Fountainhead
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1. INTRODUCTION

Recent years have witnessed considerable growth in artificial intelligence
applications in architecture, particularly in the machine learning sub-field. The
development of Generative Adversarial Networks (GANs) by Goodfellow et al.
(2014) accelerated the development of generative machine learning systems for
architectural design (Chaillou, 2019). Currently, GANs utilize a wide range of
built environment-related data, including GPS, street view images, 3D models,
architectural drawings, and building performance models, and are applied at
buildings, district, and city levels (Wu et al., 2022). At the building level, GANs
were used for many purposes, such as generating spatially optimized designs
(Nauata et al., 2020; Luo & Huang, 2022; Sun et al., 2022), restoring old
building facades (Zhao et al., 2020), providing inspiration for architects (Chen
& Stouffs, 2021) and a collaborator in students’ design process by integrating
datasets with their sketching skills (Akcay Kavakoglu et al, 2022). As the use of
machine learning in architecture matures, the attempts to create culturally and
architecturally meaningful outputs with this technology have also increased
(Huang et al., 2021).

Like many other creative endeavors of human beings, architectural design is
considered a form of storytelling. In architecture, narrative focus on human
experiences and emphasizes the building’s meaning rather than performance.
Instead of limiting architecture to a mere style or a showcase of technology, it
prioritizes how buildings are experienced (Coates, 2012). According to Psarra
(2009), conceptual ordering and spatial and social narrative are fundamental
to buildings’ design, use, and perception. Examining the interactions between
these three dimensions is essential for any robust discussion of architectural
design. It is widely accepted that great architecture should tell a story that is
coherent, meaningful, and expressive (Scheeren, 2016; Emmons et al., 2017).

McDrury & Alterio (2003, pp. 47) aimed to guide a storytelling approach
in education due to its potential for reflective, constructive learning and
accelerated conceptual thinking. Therefore, they created a model by dividing
the learning through the storytelling approach into (1) story finding,
(2) storytelling, (3) story expanding, (4) story processing, and (5) story
reconstructing. In architecture education, on the other hand, the storytelling
models are implemented through various approaches, such as reconstructing
the literary product into architectural processes by exploring the metaphors
and ambiguous spaces of Kafka’s works (Hisarligil, 2012), reproduction of
textual narrative into architectural representation, conceptual design and two-
dimensional architectural drawings and three-dimensional models (Oztiirk &
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Kuloglu, 2017) and analysis of the hermeneutic reading to provide the drawing
and modeling phase (Senyigit, 2021).

Before the technological developments in Al and experiments about the usage
of text, the OuLiPo Group (Workshop of Potential Literature) founded in
France in 1960’s uncovered the spatial creativity and interdisciplinary nature
of text and literature. Regarding their legacy, Ou-X-Po model continues
their manifesto with different techniques such as OuPeinPo (Workshop for
Potential Paint) (1980) experiments using visual media, OuBaPo (Workshop
for Potential Comics) (1992) associated with narrative strings and OuArcPo
(Workshop for Potential Architecture) (2001) (Bilir & Yildiz, 2020). Queneau
(1947/2013), the founder of OuLiPo, demonstrated the 99 possibilities of
a single story with linguistic and mathematical exercises in his book “The
Experiments in Style” which can be thought of as the earliest experiment of Al
text generators. Taghoglu (2018) conducted spatial experiments to generate
visual narratives of the 99 different versions of the story from the book.

As mentioned before, machine learning has been employed in many other
areas of the architectural design process and the storytelling approach has been
implemented in architecture education. However, the relationship of machine
learning to narrative architecture has not been investigated yet. Our study
aims to fill this research gap and presents an analysis of the existing machine
learning tools in architectural storytelling using the novel “The Fountainhead”
as a case study. The research questions of the study are presented below:

1. What are the potentials of story-telling AI in architecture as a human-
machine system?

2. How can semiotics and machine learning techniques be utilized for
analyzing, developing, and evaluating narrative architecture?

The second section of the paper explains the methodology of the study. The
third section includes the findings, and the final section presents a discussion
of the findings and conclusions.

2. METHODOLOGY

This study utilizes semiotics as an analytical tool to investigate the formation of
meaning in architectural narrative. Ferdinand de Saussure’s (1916) linguistic
model forms the basis of the definition and applications of semiotics in many
areas, including literature, anthropology, art, and architecture. According to
Saussure, semiotics studies how meaning is created through the relationship
between the signifier and the signified. Signifier is any expression that
signifies such as text, image, gestures, etc. Signified is the concept that the
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signifier conveys. The signifier and the signified together constitute the sign,
the smallest unit of meaning. About 50 years after Saussure’s death, French
semiologist Roland Barthes further elaborated Saussure’s semiotic theory
and recognized the difference between denotation and connotation (Barthes,
1964/1967). While denotation is a sign’s most basic or literary meaning, the
connotation is a sign’s secondary, cultural meaning (Figure 1).

SIGNIFIER |:D SIGNIFIED

DENOTATION CONNOTATION

Figure 1: Barthes’ definition of the basic elements of a sign (Diagram developed by the
authors according to Barthes, 1964/1967)

The novel “Fountainhead” by Ayn Rand (1943) was chosen as the case
study material. The book proposes an alternative New York City within the
perspective of objectivity and the modernistic view of architecture. The book’s
protagonist, Howard Roark, resembles the well-known modern architect Frank
Lloyd Wright since Wright’s buildings and the imaginary ones mentioned
possess similar characteristics. This particular book was selected for the case
study because it includes semiotically rich examples of architectural narrative
interwoven with denotations and connotations. According to the procedure
recommended by Cullum-Swan & Manning (1994), the authors conducted
a semiotic analysis. Both interpretants are architect-academicians who are
highly knowledgeable in modern architecture and have experience in semiotic
analysis. The authors thoroughly read the book, and semiotic signs referring
to buildings were extracted. Signifiers (denotation and connotation types) and
their signified meanings are specified and tabulated. Then, three different text-
to-image software applications (Stable Diffusion 2.0, Midjourney, and DALL-E
2) were used to generate building images according to textual samples from
the book. While denotation signifiers were entered into the machine learning
systems as they are, connotation signifiers were entered both in their original
syntax and semiotically analyzed form.
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The study uses three novel open-access diffusion text-to-image generators,
which use diffusion models. Diffusion models are machine learning systems
that were designed to remove noise from images. They are trained on millions
of text/image pairs; thus, as a response to a text prompt, the system generates a
new image that matches the prompt (Radford et al., 2021). Recently, diffusion
models have outperformed GANs and become state-of-the-art image generators
(Dhariwal & Nichol, 2021). DALL-E 2 is a developed version of DALL-E created
by OpenAl, which is trained with both semantic text and visual references.
Midjourney is another AI tool that uses Discord’s cloud service with bot
commands. Since Midjourney launched in July 2022, version 4 was released,
and the analysis was based on this last system version. It allows users to use
the system with comprehensive guidance of the parameters. Midjourney and
DALL-E 2 enable users to add a referenced input picture for a more accurate
process. Yet, the open-access version of Stable Diffusion utilized in this study
does not have this ability. Stable Diffusion 2.0 differs from the others with its
completely open accessed system. It has two levels of generating an image,
firstly by the prompt section and secondly with the aid of the negative prompt
area that aims to simplify the image and produce more relevant outcomes.

3. FINDINGS

The analysis included textual samples for two buildings from the book: Gowan
Service Station and The Stoddard Temple to the Human Spirit. In the Gowan
Service Station study, connotation and denotation examples were used directly,
without semiotic analysis. All the textual material was fed into Stable Diffusion
2.0, Midjourney and DALL-E 2 artificial aided text to image generators. The
results were recorded as diagrams. Figures 2 to 5 show samples from the
results. It was observed that all of the machine learning systems performed
well for denotations (Figure 4-5), but they demonstrated rather abstract results
for connotations (Figures 2-3).

The connotation and denotation descriptions of the Gowan Service Center
were combined and fed into the machine learning tools (Figure 6). The results
are shown in Figure 7.
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| Gowan Service Station (p.158) |

| CONNOTATION ]

Description

“looked like shapes caught in a flow, being poured, a harmony that seemed
too to be intentional... It looked like a cluster of bubbles to be swept aside in
aninstant on a wind of speed; it looked gay, with the hard, 'bracing gaiety of
efficiency, like a powerful airplane engine (Rand, 1943, p. 158).”

Prompt
’a‘ ___________________________________________________________ e,
.1' "looked like shapes caught in a flow, being poured, a harmony that seemed ‘\l
; too to be intentional, it looked like a cluster of bubbles to be swept aside in [
1 an instant on a wind of speed; bracing gaiety of efficiency like a powerful air- s
'.‘ plane engine" ’,‘

Figure 2: The connotation descriptions of the “Gowan Service Center”

Stable Diffusion | l Midjourney | | DALL-E 2 |

Figure 3: The results of the connotation descriptions of the “Gowan Service Center”

17-20 Haziran 2023, istanbul XVII. Mimarlikta Sayisal Tasanm Ulusal Sempozyumu



250 MSTAS 2023

In the Gowan Service Center study, the connotation experiment with Stable
Diffusion 2.0 and Midjourney demonstrated more powerful images that can be
used as inspiration for conceptual design. At this stage DALL-E generated less
abstract and superficial results (Figure 3). In the denotation experiment, the
visual results appeared to be more consistent with the modernist gas station
portrayals (Figure 5). When the prompt results were combined, a mixture of

abstract and concrete design examples were obtained. The visual outc
from this phase showed that Stable Diffusion 2.0 and DALL-E 2 elabo

same (Figure 7).

omes

rated
the initial results further, while the images from Midjourney remained almost

| Gowan Service Station (p.158) |

| DENOTATION ]

Description

“It stood on the edge of the Boston Post Road, two small structures of glass and
concrete forming a semicircle among the trees: the cylinder of the office and the
long, low oval of the diner, with the gasoline pumps as the colonnade of a fore-
court between them. It was a study in circles; there were no angles and no straight
lines... It looked like a cluster of bubbles hanging low over the ground, not quite
touching it (Rand, 1943, p. 158).”

,
F o
r

1 and concrete forming a semicircle among the trees, the cylinder of the office and
i the long low oval of the diner with the gasoline pumps as the colonnade of a fore-
i court between them; circles; no angles and no straight lines; it looked like a cluster

.
'building stood on the edge of the Boston Post Road, two small structures of glass s

1
1
I
1
I
1
1
L

Figure 4: The denotation descriptions of the “Gowan Service Center”
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DALL-E 2

Figure 5: The results of the denotation descriptions of the “Gowan Service Center”

| Gowan Service Station (p.158) |

[ CONNOTATION AND DENOTATION ASSEMBLY ]

Denotation Connotation

two small structures of glass and concrete forming a semicircle, structures look like a cluster of

bubbles in a flow in an instant on
building stood on the edge of the road among the trees, awind of speed,
the colonnade of a forecourt between the cylinder of the office being poured,

and the long low oval of the diner with the gasoline pumps,

intentional harmony,
only circles without angles and without straight lines,

gaiety of efficiency
it looked like a cluster of bubbles hanging low over the ground

<

two small structures of glass and concrete forming a semicircle, structures look like a cluster of bubbles in a h
flow in an instant on a wind of speed, being poured, building stood on the edge of the road among the trees, in-
tentional harmony, gaiety of efficiency, the colonnade of a forecourt between the cylinder of the office and the
long low oval of the diner with the gasoline pumps, only circles without angles and without straight lines, it

looked like a cluster of bubbles hanging low over the ground J
\ ‘

e ————

Figure 6: The assembled connotation and denotation descriptions of the “Gowan Service Center”
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DALL-E 2

Figure 7: The results of the combined connotation and denotation descriptions of the
“Gowan Service Center’
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Stoddard Temple to the Human Spirit
(p. 334, 337, 339, 355-356)

CONNOTATION

Kbeﬁtting a place where one contemplates eternity and realizes the insignificance of man, this building has a quah
ty of loose, orgiastic elation...The place forbids to kneel . This building is flauntingly horizontal, its belly in the mud

“Howard Roark built a temple to the human spirit. He saw man as strong, proud, clean, wise and fearless. He saw
man as a heroic being. And he built a temple to that. A temple is a place where man is to experience exaltation. He
thought that exaltation comes from the consciousness of being guiltless, of seeing the truth and achieving it, of
living up to one's highest possibility, of knowing no shame and having no cause for shame, of being able to stand
naked in full sunlight. He thought that exaltation means joy and that joy is man's birthright. He thought that a place
built as a setting for man is a sacred place.”

Its lines not reaching to heaven, but the lines of the earth... It seemed to spread over the ground like arms out-
stretched at shoulder-height, palms down, in great, silent acceptance. It did not cling to the soil and it did not
crouch under the sky. It seemed to lift the earth and its few vertical shafts pulled the sky down. When a man en-
tered this temple, he would feel space molded around him, for him, as if it had waited for his entrance, to be com-
pleted. It was a joyous place, with the joy of exaltation that must be quiet. It was a place where one would come
to feel sinless and strong, to find the peace of spirit never granted save by one's own glory (Rand, 1943, p. 334, 337,
339, 355-356).”

Prompt

Signifier

.

-
" atemple to the human spirit

. pull sky down

space = eternity, loose, orgiastic elation, sacred place, joyous
space, a place where man feel strong, peace of spirit, the
place forbids to kneel, a space seems like molded around and
for human

a place where man experience exaltation

exaltation = joy, conciousness, quite, to stand nake in the
sunlight

lines not reaching to heaven, but the lines of the earth,
spread over the ground like arms outstretched in silent ac-
ceptance, temple seems like lift earth and its vertical shafts

‘\Ehe sunlight ¥

a temple to the human spirit, as space of eter- \‘,
nity, loose space and orgiastic elation, joyous |
space, sacred place, the lines of the earth not !
reaching to heaven, lines spread over the |
ground like arms outstretched in silent accep- |
tance, temple seems like lift earth and its ver- |
tical shafts pull sky down, a place where man i
feel strong, peace of spirit, the place forbids |
to kneel, a space seems like molded around |
and for human, a place where man experience !
quite exaltation of conciousness to stand in ':'
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Figure 8: The connotation descriptions and the semiotically analyzed connotation
descriptions of “The Stoddard Temple to the Human Spirit”

In the second study, the textual samples related to “The Stoddard Temple to the
Human Spirit” were employed. Since the connotation descriptions were much
denser compared to the first example, the text was semiotically processed

before feeding into the systems (Figures 8-9). The denotation descriptions
were used in their original form (Figure 10) to generate exterior (Figure 11)
and interior (Figure 12) images of the building.
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| DALL-E 2 I

Figure 9: The results of the semiotically analyzed connotation descriptions of “The
Stoddard Temple to the Human Spirit”

The analysis results from “The Stoddard Temple to the Human Spirit” suggested
that the visuals created with connotation descriptions can guide the conceptual
part of the design process (Figure 10). The intervention of semiotic analysis
alleviated the abstractness of the connotation results which was observed in
the previous case study. Midjourney performed as a better guidance tool in the
first case study; however, in the second building, it can be seen that syntactic
arrangement changed the results, and the findings deviated from what was
expected. The narration in the book covers both the interior and the exterior of
the building and this aspect enriched the design phases, spatial environment,
and sequential data. For this reason, the denotation analysis part consisted
of two different phases. The results contained various material usage and
formal depictions (Figures 11-12). Contrary to the description of a small scaled
modernist temple, some of the exterior results included brutal imagery, whereas
some referenced to different architectural styles (Figure 11). It should be noted
that the semiotic analysis, which took place in the first phase of the study, was
made manually. The prompts were created according to the generator’s syntax
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rules. Therefore, each prompt was adapted to the tool at some point in the
creation. Consequently, the results showed different aspects according to the
Al text-to-image tool’s machine learning algorithm and syntax rules.

(p. 334,337, 339, 355-356)

DENOTATION

“..temple is wide open, like a western saloon... this building is flauntingly horizontal. The statue of a nude
female. The temple on a rock over the Hudson, far north on Riverside Drive. The temple was to be a small
building of gray limestone. Its lines were horizontal. It was scaled to human height in such a manner that ...
stood as a setting that made his figure the only absolute, the gauge of perfection by which all dimensions were
to be judged. There was no ornamentation inside, except the graded projections of the walls, and the vast win-
dows. The place was not sealed under vaults, but thrown open to the earth around it, to the trees, the river,
the sun and to the skyline of the city in the distance, the skyscrapers. At the end of the room, facing the en-
trance, with the city as background, stood the figure of a naked human body (Rand, 1943, p. 334, 337, 339,
355-356)."

Stoddard Temple to the Human Spirit |

Figure 10: The denotation descriptions of “The Stoddard Temple to the Human Spirit”

- ~

+ Exterior of the modernist temple: \

izontal, it was scaled to human height, the graded projections of the walls, the vast
windows, the skyline of the trees, the river, the sun and the city in the distance, the
Y, skyscrapers y

1
1
| the temple on a rock, a small building of gray limestone, its lines are flauntingly hor-
1
1
1
I
1

| DALL-E 2 I

Figure 11: The denotation results of the exterior “The Stoddard Temple to the Human
Spirit”
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_______________________________________________________________

/" Interior of the modernist temple: b

entrance with the city as background, there was no ornamentation inside, the vast

/ \
1 [}
1

] wide open, at the end of the room a female marble body statue stood facing the E
: !
\  windows !

| DALL-E 2 I

Figure 12: The denotation results of the interior “The Stoddard Temple to the Human
Spirit”

4. CONCLUSION

The architectural environment is experienced through the sequence of views by
numerous people rather than a single image or point of view of one. The scene
is a concept of space in that people interact within a defined timeline gathered
with a collection of views. The architects are considered the storytellers who
use different media to generate meaningful stories with the guidance of the
spatial atmospheres. The contemporary architects’ vision is to create storylines
of the buildings’ life phases beforehand and also make the stories to decide a
constructed image of the building at the end.

In the educational dimension, students imagine the context, user, and scenario
relations in creating or reconstructing the storyline and, as a result, the spatial
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representations. The narrative approach in architecture education can also
indicate an adaptive sequence. The stories can reveal their inspirational
potential when creatively used in other media. The architectural design
phases can be understood as narrative approaches with the discovery of
various representation methods. Literary products, movies, and digital games
can be considered as ways of understanding the sequence of the scenes in a
meaningful order. As the mentioned technologies and the production tendency
towards machine learning algorithms increase, the relation between narrative
and spatial design thinking can be augmented.

The storytelling feature of the literary media sequences differs from other
interactive media or physical and non-narrative media to enable the mind to
complete the missing parts, create new meaningful connections and imagine the
creation of conceptual ideas in a more constructed environment. Experiments
to discover the spatial potentials of the text and fiction go back to the OuLiPo
Group and continue with today’s artificial intelligence technologies. In this
study, the semiological research of linguistics is adopted as a structuralist
activity to reconstitute the relations of the units in the selected literary corpus.
Barthes (1964/1967) also signified the systems of objects, images, or behavior
patterns distinct from the pure state of language. From that point of view, the
other systems of language can be analyzed for creative experiments in future
studies.

The novel by Ayn Rand, “The Fountainhead,” a manifestation of objectivism
philosophy and a modernistic view of architecture utilized as a case study for a
storytelling method of architectural design thinking. The book is selected as an
example of an intersection between the narrative of architectural atmosphere
and buildings’ physical and tactile feature descriptions. It is aimed to unfold
hidden ordistinct meanings by asemiotic analysis of connotation and denotation
descriptions in the book. The visual outcomes of the process demonstrated
that the literary products and the visual prompt generator could be combined
with a detailed semiotic analysis to uncover the sequential visual data that is
different from minds who directly read the textual descriptions. The abstract
and conceptual results and hidden meanings from the connotation analysis
can lead to unleashing the development of design thinking. The denotation
analysis’s more concrete and accurate structures can guide the storytelling
approach seen from the multitude of visual images from this phase. One of
the results from those experiments was the assembly of the two different
perspectives of connotation and denotation readings which could strengthen
the visual narration. The visual outputs from the artificial generators indicate
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stable images from the semiotically analyzed descriptions from the selected
book. External machine learning algorithms or generators can further develop
the sequential quality of those single images to create a storyline.

The previous approachesin architectural studios implemented whether metaphors
or descriptions from text to spatial design. The main difference suggested by our
study is deciphering the text into connotation and denotation layers to have more
control over the autonomous process and the results of artificial intelligence
generators. With the guidance of the numerous artificial intelligence outputs,
the architecture studio’s inspirational, conceptual or end-product narrative
phases can be augmented. Therefore, “The Fountainhead” study demonstrates an
example of a united artificial aided narrative design process.

This study showed a huge unexplored potential for story-telling AI in
architecture as a human-machine system. The semiotic analysis utilized in the
study facilitated human-machine co-creation. The advantages, limitations, and
comparison of three widely-known text-to-image generators were also revealed
in our work based on the results. Although these tools are still emerging, the
developments indicate that soon, Al interfaces can automatically transform
the literary story into visual sequences and thus gain the ability to create
narratives. Some tools have already started to generate comics, visual stories,
and elements for the metaverse and game engines (Fotedar et al., 2020). The
next stage of development seems to be the human-machine co-creation of
architectural designs not only visually, but with all the underlying discussions
and discourses which make architecture a profound way of story-telling.
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Temel Tasarim ve Sanal Gerceklik
Basic Design and Virtual Reality

DILARA ERDOGAN', NURAY BENLI YILDIZ2
2Diizce Universitesi
"mim.dilaraerdogan@gmail.com

Temel tasarim dersi mimarhk fakiiltesinde mimari tasarima bir giris dersi
olarak kurgulanir. Bu kurguda o&grenciler tasarimin temelini olugturan
kavramlar1 irdeler. Bu baglamda temel tasarim ilkeleri ile sistematik bir
kurgu olusturma siirecinde soyut diistinceleri somut hale getirir. Tasarim
dilini olusturarak mekan iiretme siirecine sanal gergeklik dahil edilerek sanal
maketler iiretilip hiyerarsi, doluluk bosluk kavramlar1 cercevesinde sanal
ortamda sanal gozliikler ile temel tasarim ¢alismasi yapilacaktir.

CALISTAY PROGRAMI:
17 Haziran

13.00-13:20 Tanisma
13:20-13:40 Sunum
14.00-18.00 Uygulama Asamasi

18:00-18:30 Sunus ve Sergi
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Yapay Zeka ve Mimarlik

Artificial Intelligence and Architecture

MOHAMED AHMED MOHAMED ABDELLATIF KHALIL
Tifa Studio
muhammad.abdullatef@gmail.com

Bu c¢aligtay, mimarlik 6grencilerine yapay zeka konusunda kapsaml bir giris
sunmay1 hedeflemektedir. Yapay zekd, mimarlik sektoriinde yeni firsatlar
ve yenilik¢i tasarim yaklagimlari sunmaktadir. Bu galistayda, katilimecilar
yapay zeka teknolojilerinin mimarlik pratigindeki potansiyelini kesfedecek,
konuyla ilgili temel kavramlar1 6grenecek ve ilham verici projeler iizerinde
calisacaklardir.

CALISTAY PROGRAMI:
18 Haziran 11:00-13:00

Yapay Zeka ve Mimarhk fligkisi
Mimarlkta Yapay Zeka Uygulamalari
Yapay Zeka ve Fikir Olusturma Metotlar1
Uygulamalar (Midjourney, Firefly, Dall-E)

Tartisma ve Soru-Cevap

Source: Coorlaas Architecture
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Sanal Gerceklik Ortaminda Isbirlikli Tasarim
Collaborative Design in Virtual Reality

QAGDA$ DURMAZOGLU', SEHNAZ CENANI2, ENNUR iNCESA.KAL3 )
"Istanbul Teknik Universitesi, 2Istanbul Medipol Universitesi, ®lstanbul Medipol Universitesi
'cagdas.durmazoglu@gmail.com, 2sehnaz.cenani@gmail.com, 2eincesakal@medipol.edu.tr

Bu calistayin amaci tasarim egitimlerine lisans seviyesinde devam eden
ogrencilerin sanal gerceklik ortaminda isbirlikli ¢alisma potansiyelinin
incelenmesidir. Katilimcilar verilen mimari programa gore tiicli gruplar
halinde sanal gerceklik ortaminda mekan tasarimi yapacaklardir.

CALISTAY PROGRAMI:
18 Haziran

10:00-10:30 Tanisma

10:30-11:00 Genisletilmis Gerceklik Uzerine Seminer
11:00-12:00 VR ile Tanigma

12:00-13:00 Ogle Arasi

13:00-15:00 Tasarim Egzersizi

15:00-16:00 Sunuglar ve Degerlendirmeler
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Topografik Ylizeyin Dijitallesme
Stirecindeki Donustmleri
Transformations of Topographic Surface in the
Digitalization Process

ZULAL NURDAN KORUR', GULIZ SEVGI KABASOGLU?
"2|stanbul Medipol Universitesi
znkorur@medipol.edu.tr, 2gskabasoglu@medipol.edu.tr

Bu calistay dogal topografik parcanin yapay dijital bir ylizeye doniisim
siirecinde ortaya ¢ikan mekansal potansiyellerle programin belirledigi anlamsal
olasiliklarin kesistirilmesi iizerinden yorumlanmasma odaklanmaktadir.
Bu kapsamda geometrik doniisiimler, topografyanin uzantisimin alinmasi,
katmanlarin c¢ogaltilmasi, aglarin esnetilmesi gibi operasyonel yaklagimlari
Rhino ortaminda kullanmay gosterecektir.

CALISTAY PROGRAMI:
17 Haziran

10:00-13:00 Konunun Aciklanmasi ve Sunumlar
14:00-18:00 Tasarim Fikri Uzerine Eskizler
18 Haziran

10:00-16:00 Tasarim Geligtirme

16:00-18:00 Sunus ve Sergi
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Genetik Algoritmalar ile Form Alternatifleri

Uretimi
Generation of Form Alternatives with Genetic
Algorithms

ERENALP SALTIK
Istanbul Medipol Universitesi
erenalp.saltik@medipol.edu.tr

Bu calistayin amaci lisans seviyesindeki 6grencilerin hesaplamali tasarimin
avantajlarindan olan verilere dayali analiz ve tasarim alternatifleri {iretme
potansiyellerini deneyimlemesidir. Katilimcilar Rhino ortaminda {iretilen
basit kiitlesel formlarin Ladybug eklentisi ile giines 1s1n1m1 analizini yapacak,
Wallacei eklentisi ile genetik algoritmalar kullanarak istenilen kosullari
saglayan form alternatifleri tiretecektir.

CALISTAY PROGRAMI:
17 Haziran

10:00-10:30 Tanigsma

10:30-11:00 Eklentilerin Yiiklenmesi
11:00-12:00 ilk formlarin olusturulmasi
12:00-13:00 Ogle arasi

13:00-15:00 Giines 151mim1 analizi

15:00-17:00 Form alternatifleri iiretilmesi

17:00-18:00 Sunuglar ve degerlendirmeler
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BIM ve Analiz
BIM & Analysis

TAHiR AKKOYUNLU
Istanbul Medipol Universitesi
takkoyunlu@medipol.edu.tr

Bu calistay BIM siirecinin yapi tasarim evresinde yapilmasi planlanan
analizlerde nasil kullanilacagina odaklanmaktadir. Bu dogrultuda Autodesk
Revit, Insight, Navisworks ve Infraworks programlari kullanilarak; gimsigi,
golge, topografik egim ve yaya trafigi gibi analizler yapilacaktir.

CALISTAY PROGRAMI:
17 Haziran 2023 11:00-15:00
Teori ve sunum

Heckathon
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XVII. MIMARLIKTA SAYISAL TASARIM
ULUSAL SEMPOZYUMU BILDIRI KiTABI

17-20 HAZIRAN 2023

Devinim.Degisim.Dongti

Dogadaki devinim degisimleri olustururken bu degisimler sonucunda yeni bir dengeye
ulasim siireci ortaya ¢ikar ve bu siirec stirekli bir dongu halindedir. Boylesi bir dongisel
stirecin parcasi olan dordiincti endustri devrimi, insanhk tarihindeki 6nemli doniim
noktalarindan biri olarak tim disiplinlerde oldugu gibi mimarlik alaninda da cevresel,
ekonomik ve sosyal degisimleri beraberinde getirmistir ve denge arayisi siirecinde
strdurilebilirlik kavraminin yeniden ele alinmasinin 6niinti agmistir. Sehirlesmeyle tretim
ve tiiketim merkezleri degisirken iklim tarafsizligina ulasmak icin diistik karbonlu sehirlerin
tasarlanmasi, dongiisellik ve sera gazi emisyonlarinin azaltilmasi arasindaki etkilesimin
hizlandinlmasi gerekmektedir. Diinyadaki karbon emisyonlarinin biyiik bir bolimi
endustri, ulasim ve binalardan kaynaklanmakta, hesaplamali tasarim sistemleri gelisen
teknolojileraraciligiyla uzaktan is birligi olusturulmasina yeni olanaklar sunmakta ve karbon
emisyonlarini azaltma konusunda stirdirilebilirlik agisindan ek avantajlar saglamaktadir.
Gelecegin ekolojik problemlerinin ele alinmasi sirasinda yeni is birlikleri olusturmak icin
farkl tasarim disiplinlerine 6nemli sorumluluklar dismektedir. Bu baglamda, Birlesmis
Milletler ve ortaklari, Sirdiirilebilir Kalkinma Amaclari’'na ulasilmasi amaciyla insanlarin
karsi karsiya kaldigi ana sorunlarin ¢6ziimtu icin calismaktadir. Yapili cevrede dongiisel
ekonomi ve iklim degisikligine uyum ile iliskili bir eylem planinin uygulanmasi, karar
vericilerin siirdirilebilir kalkinmayi ve cevreci politikalari desteklemesi ve gelistirilmesine
katki sunmasi, tasarimda akilli ve stirdiiriilebilir malzemelerin kullanimi, sifir enerjili yapi
ve sehirlerin tasarlanmasi ve bu konulari destekleyen tasarim modellerinin gelistirilmesi
son derece 6nemlidir. XVIl. Mimarlikta Sayisal Tasarim Ulusal Sempozyumu (MSTAS
2023), toplumlarin karsilastigi giinimiiziin sosyal ve cevresel sirdirilebilirlik ile ilgili
sorunlarinin ve potansiyellerinin hesaplamali tasarim yontemleri ile degerlendirilmesine
odaklanmaktadir.
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